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VULNERABILITY  CHARACTERISTICS  OF 
EMERGENCY  OPERATING  CENTERS  (EOC'S) 

IN  BLAST-RISK  AREAS 

FINAL  REPORT 
DETACHABLE  SUMMARY 

The  research  work  was  conducted  by  Agbabian  Associates  for  the 
Defense  Civil  Preparedness  Agency  under  Contract  No.  DCPA01-75-C-0337, 
entitled  Vulnerability  Characteristics  of  Emergency  Operating  Centers  (EOC’s). 

PROJECT  OBJECTIVE 

The  objective  was  to  obtain  an  estimate  of  the  total  cost  for 
reducing  the  vulnerability  of  all  emergency  operating  centers  to  nuclear- 
weapon  effects  except  radioactive  fallout  and  EMP.  By  DCPA  direction,  this 
reduction  of  vulnerability  was  to  be  interpreted  as  the  upgrading  of  all  EOCs 
located  in  "high  risk"  areas  (i.e.,  areas  with  expected  air-blast  overpressures 
equal  to  or  exceeding  2 psi)  to  functionally  resist  the  nuc) ear -weapon  effects 
corresponding  to  a 10-psi  air-blast  overpressure  caused  by  a 1-megaton 
surface  burst. 

The  project  goal  was  to  obtain  an  estimated  total  cost,  at  95%  con- 
fidence, within  approximately  +20%  of  the  actual  total  cost.  Average  1975 
construction  costs  were  the  basis  for  the  estimating.  Future  changes  in 
economic  and  industrial  conditions  can  be  reflected  by  appropriately  adjusting 
the  total  cost  estimate.  Generating  the  details  of  sucn  adjustments  was  out- 
side the  scope  of  this  project. 

TECHNICAL  APPROACH 

The  technical  approach  to  obtain  an  estimate  of  the  total  cost  for 
reducing  the  vulnerability  of  all  Emergency  Operating  Centers  (EOCs)  to  all 
nuclear-weapon  effects  except  for  radioactive  fallout  and  EMP  involved  the 
fol lowing : 


a.  Establishing  an  appropriate  statistical  method 

b.  Conducting  statistical  sampling  of  EOCs 
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c.  Collecting  data  for  the  EOC  sample 

d.  Performing  vulnerability  reductions  for  the  sample  EOCs 

e.  Estimating  the  costs  of  the  vulnerability  reductions  of  the 
sample  EOCs 

f.  Obtaining  by  statistical  inference  the  estimate  of  the  total 
cost  for  the  vulnerability  reduction  of  all  EOCs 

Figure  S-1  presents  a flow  chart  highlighting  the  approach  used. 

Starting  with  the  DCPA  listing  of  all  EOCs  (i.e.,  3616  EOCs), 

1*3  EOCs  were  randomly  selected  from  the  EOCs  located  in  "high  risk"  areas 
for  a preliminary  survey.  Of  these  143  EOCs,  18  EOCs  no  longer  existed, 
given  a net  sample  of  125  EOCs,  with  size  distributions  as  shown  in  Figure  S-2 
From  this  sample  of  125  EOCs,  25  EOCs  were  selected  for  in-detail  inspection. 
Additionally,  three  hypothet ical , but  representative  EOCs  were  chosen  to  cover 
the  entire  range  of  the  EOCs  with  regard  to  EOC  sizes  and  aboveground/ 
belowground  locations.  Each  of  the  25  belowground  EOCs  of  the  28-EOC  sample 
was  assessed  as  to  its  vulnerability  and  was  upgraded  to  a 10-psi  hardness, 
and  the  cost  of  such  vulnerability  reduction  was  estimated.  Figure  S-3  shows 
the  unit  upgrading  costs  for  the  25  EOCs  and  presents  a curve  of  point  esti- 
mates of  unit  upgrading  costs  for  ail  belowground  EOCs  located  in  "high  risk" 
areas.  For  each  of  the  three  aboveground  EOCs  of  the  28-EOC  sample,  prelimi- 
nary designs  for  separate,  belowground,  hardened  facilities  (new  construction) 
were  developed  and  their  costs  estimated.  Figure  S-4  shows  a curve  of  point 
estimates  for  the  unit  costs  of  such  new  EOC  construction.  By  statistical 
inference  the  average  unit  cost  of  upgrading  ( $/ ft)  and  the  total  cost  of 
upgrading  of  the  estimated  1333  EOCs  located  in  "high  risk"  areas  were  deduced 
The  data  shown  in  Figures  S-2,  S-3,  and  S-4,  the  ratio  of  aboveground  to 
belowground  EOCs,  and  the  estimate  of  the  number  of  existing  EOCs  located 
in  "high-risk"  areas  constituted  the  base  for  inference. 
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FIGURE  S-1.  FLOW  CHART  HIGHLIGHTING  APPROACH 
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FIGURE  S-l*.  UNIT  COSTS  OF  NEW  CONSTRUCTION  OF  SEPARATE,  HARDENED 
EOC'S  LOCATED  BELOWGROUND 
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Two  sets  of  total  cost/average  unit  cost  data  were  generated.  The 
first  set  provides  costs  for  upgrading  belowground  and  partially  exposed  EOCs 
and  for  relocating  totally  aboveground  EOCs  to  upgraded  belowground  spaces- 
(i.e.,  basements  of  existing  other  buildings  or-- belowground  areas  of  future, 
conventionally  constructed  buildings).  The  second  set  of  costs  reflects 
upgrading  of  the  belowground  and  partially  exposed  EOCs  and  new  construction 
of  separate,  belowground,  hardened  EOCs  to  replace  existing  totally  above- 
ground EOCs. 

CONCLUSIONS  AND  RECOMMENDATIONS 

It  is  estimated  that  the  unit  costs  (based  on  average  1975  construc- 
tion costs)  to  reduce  the  vulnerability  of  all  EOCs  located  in  "high-risk"  areas 
with  expected  air-blast  overpressures  of  equal  to  or  greater  than  2 ps i by 
upgrading  to  a 10-psi  hardness  level  (without  the  consideration  of  the  effects 
of  nuclear  fallout  and  EMP)  are  at  95%  confidence-- 

2 2 

a.  Between  $ 1 6/ f t and  $24/ft  for  belowground  EOCs  and  above- 
ground EOCs  to  be  relocated  to  belowground  building  spaces 

2 2 

b.  Between  $ 1 8/ft  and  $3**/ft  for  belowground  EOCs  and  above- 
ground EOCs  to  be  replaced  by  new,  hardened  construction  of 
separate  EOC  facilities  located  belowground 

The  corresponding  total  upgrading  costs  for  all  EOCs  located  in  "high-risk" 
areas,  i.e.,  an  estimated  1333  EOCs,  are  estimated  to  be  at  95%  confidence — 

a.  Between  $70,000,000  and  $105,000,000  for  belowground  EOCs  and 
aboveground  EOCs  to  be  relocated  to  belowground  building  spaces 

b.  Between  $80,000,000  and  $150,000,000  for  belowground  EOCs  and 
aboveground  EOCs  to  be  replaced  by  new,  hardened  construction 
of  separate  EOC  facilities  located  belowground 
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The  95%  confidence  intervals  estimated  for  the  EOC  population 
upgrading  costs  could  have  been  significantly  reduced  by  simultaneous,  appre- 
ciable increase  (e.g.,  doubling)  of  the  two  sample  sizes  for  the  basic  cost 
sample  of  25  EOCs  and  3 EOCs  and  the  EOC  size  distribution  sample  of  125  EOCs. 
Tut  the  limited  budget  for  this  project  effort  did  not  permit  this.  However, 
the  provided  cost  estimates,  at  95%  confidence,  of  $20/ft2  +$4/ft2  and 

$87,500,000  +$17,500,000  for  the  upgrading  approach  defined  in  a,  and  of 
2 *2 

$26/?t  +$8/ft  and  $115,000,000  +$35,000,000  for  the  upgradi  ng  approach 

defined  in  b,  reflecting  estimate  accuracies  of  approximately  +20%  and  +30% 
at  95%  confidence,  respectively,  can  be  considered  reasonable  estimates. 

The  following  recommendations  for  additional  work  related  to  the 
material  covered  in  this  report  are  offered  for  cons iderat ion. 

Program  Plan 

The  development  of  a program  plan  (contingency  plan)  for  the  vulnera- 
bility reduction  of  the  EOC  population  predicated  in  this  report  is  recommended. 
Such  a plan  should  address  the  following: 

a.  Schedule  of  implementation 

b.  Required  total  funding  and  schedule-phased  budgetary  allocations 

c.  Necessary  activities  by  and  responsibilities  of  the  participat- 
ing organizations,  e.g.,  DCPA  and  its  regional  offices,  and  the 
state  and  local  civil  preparedness  organizations 

d.  Transfer  of  upgrading  technology  to  the  local  entities 
(governmental  and  private)  that  would  accomplish  the  physical 
upgrading  effort 

EOC  Seminar 

Many  local  EOC  officials  are  unrealistically  optimistic  about  the 
operational  survivability  of  their  facilities.  They  do  not  have  an  apprecia- 
tion of  the  possible  nuclear-weapons  effects  and  the  associated  protection 
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requirements.  They  consider  EOC  upgrading  an  unnecessary,  and  therefore 
unjust i f table  expense.  Local  EOC  officials  are  in  most  cases  unaware  of  the 
research  and  development  work  being  accomplished  by  DCPA.  They  feel  that 
they  do  not  receive  full  benefit  from  DCPA's  efforts.  They  express  that 
better  communication  up  and  down  the  line  would  improve  "attitudes"  and, 
more  importantly,  the  effectiveness  of  their  operations. 

A DCPA-sponsored  seminar  would  accomplish  the  following: 

a.  Provide  a forum  for  an  interchange  of  ideas  between  DCPA  and 
local  EOC  officials. 

b.  Inform  local  EOC  officials  of  the  latest  DCPA  policies  and 
approach  to  our  civil  defense. 

c.  Convey  latest  DCPA  research  and  development  findings  (in  more 
usable  form)  to  local  EOC  officials  and  interested  parties 

of  the  private  sector  (i.e.,  engineers  and  architects). 

d.  Show  how  local  EOC  officials  and  interested  parties  can  obtain 
specific  information  from  DCPA. 

e.  Receive  feedback  from  local  EOC  officials. 

EOC  Standard  Elements  and  Standardized  Designs 

Because  of  the  large  number  of  existing  EOCs  to  be  upgraded  and  new 
EOCs  to  be  constructed,  it  may  be  economically  beneficial  to  introduce 
standard  designs  for  EOC  elements,  such  as  austere  but  adequate  blast  doors 
and  simple  blast  valves.  Going  one  step  further,  multiple-source  supply  of 
these  EOC  elements  could  be  arranged.  For  new  EOC  construction,  standardized, 
complete  designs,  used  in  their  entirety  or  adapted  to  fit  individual  needs, 
could  be  developed.  These  standardized  designs,  which  are  few  in  number, 
would  be  optimized  solutions  for  the  physical  makeup  of  EOCs,  reflecting  the 
particular  functional  needs  and  environmental  conditions. 
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Examples  of  Actual  EOC  Upgrading 

The  author's  previous  report,  Blast-Resistant  Characteristics  of 
State  and  Local  Emergency  Operating  Centers  (EOC's) , as  well  as  other  DCPA 
guidelines  and  reference  material,  wi i 1 provide  a good  starting  point  for  the 
engineer  faced  with  upgrading  an  individual  EOC.  But  since  EOCs  and  hardened 
structures  are  not  everyday  design  problems  with  which  he  is  thoroughly 
familiar,  examples  of  actual  EOC  upgrading  may  be  very  valuable  to  him. 

These  examples,  covering  the  few  most  prevalent  types  of  upgradable  existing 
EOCs,  would  have  to  include  the  required  design  calculations,  complete  drawing 
packages  (but  not  necessarily  all  shop  and  fabrication  details),  and  cost 
estimates. 
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ABSTRACT 

Estimates  were  obtained  of  the  total  cost  and  the  average  unit  cost 
($/ft  ) for  reducing  the  vulnerability  of  all  Emergency  Operating  Centers 
(EOCs)  to  nuclear-weapon  effects  except  for  radioactive  fallout  and  EMP.  The 
reduction  of  vulnerability  was  interpreted  as  an  upgrading  of  all  EOCs 
located  in  "high  risk"  areas  (i.e.,  areas  with  expected  air-blast  overpressures 
equal  to  or  exceeding  2 psi)  to  functionally  resist  the  nuclear-weapon  effects 
corresponding  to  a 10-psi  air-blast  overpressure  caused  by  a 1-megaton  surface 
burst. 


Two  sets  of  total  cost/average  unit  cost  data  were  generated.  The 
first  set  provides  costs  for  upgrading  belowground  and  partially  exposed  EOCs 
and  for  relocating  totally  aboveground  EOCs  to  upgraded  belowground  spaces 
(i.e.,  basements  of  existing  other  buildings  or  belowground  areas  of  future, 
conventionally  constructed  buildings).  The  second  set  of  costs  reflects 
upgrading  of  belowground  and  partially  exposed  EOCs  and  new  construction  of 
separate,  belowground,  hardened  EOCs  to  replace  existing  totally  aboveground 
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VULNERABILITY  CHARACTERISTICS  OF 
EMERGENCY  OPERATING  CENTERS  (EOC'S) 
IN  BLAST-RISK  AREAS 

FINAL  REPORT 

SUMMARY 


The  research  work  was  conducted  by  Agbabian  Associates  for  the 
Defense  Civil  Preparedness  Agency  under  Contract  No.  DCPA01 -75_C-0337 , 
entitled  Vulnerability  Characteristics  of  Emergency  Operating  Centers  (EOC's). 

PROJECT  OBJECTIVE 

The  objective  was  to  obtain  an  estimate  of  the  total  cost  for 
reducing  the  vulnerability  of  all  emergency  operating  centers  to  nuclear- 
weapon  effects  except  radioactive  fallout  and  EMP.  By  DCPA  direction,  this 
reduction  of  vulnerability  was  to  be  interpreted  as  the  upgrading  of  all  EOCs 
located  in  "high  risk"  areas  (i.e.,  areas  with  expected  air-blast  overpressures 
equal  to  or  exceeding  2 ps i ) to  functionally  resist  the  nucl ear-weapon  effects 
corresponding  to  a 10-psi  air-blast  overpressure  caused  by  a 1-megaton 
surface  burst. 

The  project  goal  was  to  obtain  an  estimated  total  cost,  at  35%  con- 
fidence, within  approximately  +20%  of  the  actual  total  cost.  Average  1975 
construction  costs  were  the  basis  for  the  estimating.  Future  changes  in 
economic  and  industrial  conditions  can  be  reflected  by  appropriately  adjusting 
the  total  cost  estimate.  Generating  the  details  of  such  adjustments  was  out- 
side the  scope  of  this  project. 

TECHNICAL  APPROACH 

The  technical  approach  to  obtain  an  estimate  of  the  total  cost  for 
reducing  the  vulnerability  of  all  Emergency  Operating  Centers  (EOCs)  to  all 
nuclear-weapon  effects  except  for  radioactive  fallout  and  EMP  involved  the 
following : 

a.  Establishing  an  appropriate  statistical  method 

[ 

b.  Conducting  statistical  sampling  of  EOCs 

i x 
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c.  Collecting  data  for  the  EOC  sample 

d.  Performing  vulnerability  reductions  for  the  sample  EOCs 

e.  Estimating  the  costs  of  the  vulnerability  reductions  of  the 
sample  EOCs 

/ 

f.  Obtaining  by  statistical  inference  the  estimate  of  the  total 
cost  for  the  vulnerability  reduction  of  all  EOCs 

Figure  S-1  presents  a flow  chart  highlighting  the  approach  used. 

Starting  with  the  DCPA  listing  of  all  EOCs  (i.e.,  3616  EOCs), 

143  EOCs  were  randomly  selected  from  the  EOCs  located  in  "high  risk"  areas 
for  a preliminary  survey.  Of  these  143  EOCs,  18  EOCs  no  longer  existed, 
given  a net  sample  of  125  EOCs,  with  size  distributions  as  shown  in  Figure  S-2. 
From  this  sample  of  125  EOCs,  25  EOCs  were  selected  for  in-detail  inspection. 
Additionally,  three  hypothetical,  but  representat i ve  EOCs  were  chosen  to  cover 
the  entire  range  of  the  EOCs  with  regard  to  EOC  sizes  and  aboveground/ 
belowground  locations.  Each  of  the  25  belowground  EOCs  of  the  28-EOC  sample 
was  assessed  as  to  its  vulnerability  and  was  upgraded  to  a 10-psi  hardness, 
and  the  cost  of  such  vulnerability  reduction  was  estimated.  Figure  S-3  shows 
the  unit  upgrading  costs  for  the  25  EOCs  and  presents  a curve  of  point  esti- 
mates of  unit  upgrading  costs  for  all  belowground  EOCs  located  in  "high  risk" 
areas.  For  each  of  the  three  aboveground  EOCs  of  the  28-EOC  sample,  prelimi- 
nary designs  for  separate,  belowground,  hardened  facilities  (new  construction) 
were  developed  and  their  costs  estimated.  Figure  S-4  shows  a curve  of  point 

estimates  for  the  unit  costs  of  such  new  EOC  construction.  By  statistical 

2 

inference  the  average  unit  cost  of  upgrading  ($/ft  ) and  the  total  cost  of 
upgrading  of  the  estimated  1333  EOCs  located  in  "high  risk"  areas  were  deduced. 
The  data  shown  in  Figures  S-2,  S-3,  and  S-4,  the  ratio  of  aboveground  to 
belowground  EOCs,  and  the  estimate  of  the  number  of  existing  EOCs  located 
in  "high-risk"  areas  constituted  the  base  for  inference. 
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FIGURE  S-2.  DCPA  1975  SURVEY  OF  H*3  EOC'S:  FREQUENCY  DISTRIBUTION 

OF  125  EOC'S 
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Two  sets  of  total  cost/average  unit  cost  data  were  generated.  The 
first  set  provides  costs  for  upgrading  belowground  and  partially  exposed  EOCs 
and  for  relocating  totally  aboveground  EOCs  to  upgraded  belowground  spaces 
(i.e.,  basements  of  existing  other  buildings  or  belowground  areas  of  future, 
conventionally  constructed  buildings).  The  second  set  of  costs  reflects 
upgrading  of  the  belowground  and  partially  exposed  EOCs  and  new  construction 
of  separate,  belowground,  hardened  EOCs  to  replace  existing  totally  above- 
ground EOCs. 

CONCLUSIONS  AND  RECOMMENDATIONS 

It  is  estimated  that  the  unit  costs  (based  on  average  1975  construc- 
tion costs)  to  reduce  the  vulnerability  of  all  EOCs  located  in  "high-risk"  areas 
with  expected  air-blast  overpressures  of  equal  to  or  greater  than  2 psi  by 
upgrading  to  a 10-psi  hardness  level  (without  the  consideration  of  the  effects 
of  nuclear  fallout  and  EMP)  are  at  95%  confidence-- 

2 2 

a.  Between  $ 1 6/ f t and  $2Vft  for  belowground  EOCs  and  above- 
ground EOCs  to  be  relocated  to  belowground  building  spaces 

2 2 

b.  Between  $l8/ft  and  $34/ft  for  belowground  EOCs  and  above- 
ground EOCs  to  be  replaced  by  new,  hardened  construction  of 
separate  EOC  facilities  located  belowground 

The  corresponding  total  upgrading  costs  for  all  EOCs  located  in  "high-risk" 
areas,  i.e.,  an  estimated  1333  EOCs,  are  estimated  to  be  at  95%  confidence-- 

a.  Between  $70,000,000  and  $105,000,000  for  belowground  EOCs  and 
aboveground  EOCs  to  be  relocated  to  belowground  building  spaces 

b.  Between  $80,000,000  and  $150,000,000  for  belowground  EOCs  and 
aboveground  EOCs  to  be  replaced  by  new,  hardened  construction 
of  separate  EOC  facilities  located  belowground 


xv 
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The  95%  confidence  intervals  estimated  for  the  EOC  population 
upgrading  costs  could  have  been  significantly  reduced  by  simultaneous,  appre- 
ciable increase  (e.g.,  doubling)  of  the  two  sample  sizes  for  the  basic  cost 
sample  of  25  EOCs  and  3 EOCs  and  the  EOC  size  distribution  sample  of  125  EOCs. 

But  the  limited  budget  for  this  project  effort  did  not  permit  this.  However, 

2 2 

the  provided  cost  estimates,  at  35%  confidence,  of  $20/ft  +$**/ft  and 

$87,500,000  +$17,500,000  for  the  upgrading  approach  defined  in  a,  and  of 

2 2 

$26/ f t +$8/f t and  $115,000,000  +$35,000,000  for  the  upgrading  approach 
defined  in  b,  reflecting  estimate  accuracies  of  approximately  +20%  and  +30% 
at  35%  confidence,  respectively,  can  be  considered  reasonable  estimates. 

The  following  recommendations  for  additional  work  related  to  the 
material  covered  in  this  report  are  offered  for  consideration. 

Program  Plan 

The  development  of  a program  plan  (contingency  plan)  for  the  vulnera- 
bility reduction  of  the  EOC  population  predicated  in  this  report  is  recommended. 
Such  a plan  should  address  the  following: 

a.  Schedule  of  implementation 

b.  Required  total  funding  and  schedule-phased  budgetary  allocations 

c.  Necessary  activities  by  and  responsibilities  of  the  participat- 
ing organizations,  e.g.,  DCPA  and  its  regional  offices,  and  the 
state  and  local  civil  preparedness  organizations 

d.  Transfer  of  upgrading  technology  to  the  local  entities 
(governmental  and  private)  that  would  accomplish  the  physical 
upgrading  effort 

EOC  Seminar 

Many  local  EOC  officials  are  unrealistically  optimistic  about  the 
operational  survivability  of  their  facilities.  They  do  not  have  an  apprecia- 
tion of  the  possible  nuclear-weapons  effects  and  the  associated  protection 
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requirements.  They  consider  EOC  upgrading  an  unnecessary,  and  therefore 
unjustifiable  expense.  Local  EOC  officials  are  in  most  cases  unaware  of  the 
research  and  development  work  being  accomplished  by  DCPA.  They  feel  that 
they  do  not  receive  full  benefit  from  DCPA's  efforts.  They  express  that 
better  communication  up  and  down  the  line  would  improve  "attitudes"  and, 
more  importantly,  the  effectiveness  of  their  operations. 

A DCPA-sponsored  seminar  would  accomplish  the  following: 

a.  Provide  a forum  for  an  interchange  of  ideas  between  DCPA  and 
local  EOC  officials. 

b.  Inform  local  EOC  officials  of  the  latest  DCPA  policies  and 
approach  to  our  civil  defense. 

c.  Convey  latest  DCPA  research  and  development  findings  (in  more 
usable  form)  to  local  EOC  officials  and  interested  parties 

of  the  private  sector  (i.e.,  engineers  and  architects). 

d.  Show  how  local  EOC  officials  and  interested  parties  can  obtain 
specific  information  from  DCPA. 

e.  Receive  feedback  from  local  EOC  officials. 

EOC  Standard  Elements  and  Standardized  Designs 

Because  of  the  large  number  of  existing  EOCs  to  be  upgraded  and  new 
EOCs  to  be  constructed,  it  may  be  economically  beneficial  to  introduce 
standard  designs  for  EOC  elements,  such  as  austere  but  adequate  blast  doors 
and  simple  blast  valves.  Going  one  step  further,  multiple-source  supply  of 
these  EOC  elements  could  be  arranged.  For  new  EOC  construction,  standardized, 
complete  designs,  used  in  their  entirety  or  adapted  to  fit  individual  needs, 
could  be  developed.  These  standardized  designs,  which  are  few  in  number, 
would  be  optimized  solutions  for  the  physical  makeup  of  EOCs,  reflecting  the 
particular  functional  needs  and  environmental  conditions. 
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Examples  of  Aatual  EOC  Upgrading 

The  author's  previous  report,  Blast-Resistant  Characteristics  of 
State  and  Local  Emergency  Operating  Centers  (EOCs) , as  well  as  other  DCPA 
guidelines  and  reference  material,  will  provide  a good  starting  point  for  the 
engineer  faced  with  upgrading  an  individual  EOC.  But  since  EOCs  and  hardened 
structures  are  not  everyday  design  problems  with  which  he  is  thoroughly 
familiar,  examples  of  actual  EOC  upgrading  may  be  very  valuable  to  him. 

These  examples,  covering  the  few  most  prevalent  types  of  upgradable  existing 
EOCs,  would  have  to  include  the  required  design  calculations,  complete  drawing 
packages  (but  not  necessarily  all  shop  and  fabrication  details),  and  cost 
est imates. 
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INTRODUCTION 

This  is  the  final  report  of  the  research  work  conducted  by 
Agbabian  Associates  for  the  Defense  Civil  Preparedness  Agency  under 
Contract  No.  DCPA01-75-C-0337,  entitled.  Vulnerability  Characteristics  of 
Emergency  Operating  Centers  (EOCs). 

The  objective  of  this  project  was  to  obtain  an  estimate  of  the 
total  cost  for  reducing  the  vulnerability  of  all  Emergency  Operating  Centers 
(EOCs)  to  all  nuclear-weapon  effects  except  radioactive  fallout  and  EMP. 
Section  2 outlines  the  specific  project  objective  and  defines  the  scope  of 
work. 


Section  3 delineates  the  approach  and  methods  used  to  reach  the 
project  objective.  Section  A discusses  the  research  accomplished,  and 
Section  5 presents  conclusions  and  recommendations.  The  Appendix  to  this 
report  provides  additional  EOC  data  in  support  of  the  conclusions  reached. 
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SECTION  2 

PROJECT  OBJECTIVE  AND  SCOPE  OF  WORK 

The  objective  of  this  project  was  to  obtain  an  estimate  of  the 
total  cost  for  reducing  the  vulnerability  of  all  emergency  operating  centers 
to  nuclear-weapon  effects  except  radioactive  fallout  and  EMP.  By  DCPA  direc- 
tion, this  reduction  of  vulnerability  was  to  be  interpreted  as  the  upgrading 
of  all  EOCs  located  in  "high  risk"  areas  (i.e.,  areas  with  expected  air-blast 
overpressures  equal  to  or  exceeding  2 psi)  to  functionally  resist  the  nuclear- 
weapon  effects  corresponding  to  a 10-psi  air-blast  overpressure  caused  by  a 
1-megaton  surface  burst. 

The  project  goal  was  to  obtain  an  estimated  total  cost,  at  95% 
confidence,  within  approximately  +20%  of  the  actual  total  cost.  Average  1975 
construction  costs  were  the  basis  for  the  estimating.  Future  changes  in 
economic  and  industrial  conditions  can  be  reflected  by  appropriately  adjusting 
the  total  cost  estimate.  Generating  the  details  of  such  adjustments  was 
outside  the  scope  of  this  project. 

Working  from  data  supplied  by  DCPA,  Agbabian  Associates  selected 
a representative  sample  of  the  EOC  population  and  collected  all  relevant  data 
on  that  sample.  Twenty-five  sample  EOCs  were  visited,  and  complete  as-built 
drawing  packages  were  obtained  for  each.  With  the  aid  of  the  collected  data, 
the  vulnerability  reduction  required  for  each  sample  EOC  was  assessed,  and  the 
cost  of  such  modification  was  determined.  By  statistical  inference  from  the 
individual  costs  for  the  sample  EOCs,  the  total  cost  for  reducing  the  vulnera- 
bility of  all  emergency  operating  centers  was  estimated. 
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for  reducing  the  vulnerability  of  all  Emergency  Operating  Centers  (EOCs)  to 
all  nuclear-weapon  effects  except  for  radioactive  fallout  and  EMP  involved 
the  following: 


a.  Establishing  an  appropriate  statistical  method 

b.  Conducting  statistical  sampling  of  EOCs 

c.  Collecting  data  for  the  EOC  sample 

d.  Performing  vulnerability  reductions  for  the  sample  EOCs 

e.  Estimating  the  costs  of  the  vulnerability  reductions  of  the 
sample  EOCs 

f.  Obtaining  by  statistical  inference  the  estimate  of  the  total 
cost  for  the  vulnerability  reduction  of  all  EOCs 

Figure  1 presents  a flow  chart  highlighting  the  approach  used. 
Numbers  of  EOCs  shown  in  some  of  the  flow  chart  boxes  indicate  results  or 
allocations  by  judgment,  reflecting  the  conditional  or  evolutionary  character 
of  the  approach.  Referring  to  Figure  1,  from  the  EOC  population,  a total  of 
3616  EOCs,  as  defined  by  DCPA  data  (computer  printout  dated  3/13/75),  143  EOCs 
located  in  "high  risk"  areas  were  selected  by  stratified  random  sampling.  A 
survey  of  these  143  EOCs  was  conducted  by  the  DCPA  Regional  Offices  to  obtain, 
among  other  data,  verification  of  EOC  existence,  EOC  size  and  EOC  aboveground/ 
belowground  location.  From  the  existing  EOCs  of  this  sample,  25  EOCs  were 
selected  (again  by  stratified  random  sampling  means)  for  visit,  inspection, 
vulnerability  reduction  and  cost  estimating  of  upgrading.  Each  one  of  the 
25  EOCs  was  functionally  divided  into  various  EOC  elements  (e.g.,  protective 
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FIGURE  1.  FLOW  CHART  HIGHLIGHTING  APPROACH 
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shell).  These  elements  were  subjected  to  load  environments  corresponding  to  a 
10- ps i air-blast  overpressure,  thereby  assessing  their  vulnerability.  For 
each  EOC  element  or  subelement/ i tern  the  required  upgrading  to  10-psi  hardness 
was  cost  estimated.  By  statistical  inference,  using  these  cost  data  and 
population  and  sample  characteristics,  the  total  cost  of  upgrading  and  the 
mean  unit  cost  of  upgrading  existing  EOCs  located  in  "high-risk"  areas  was 
established.  The  branch  of  the  flow  chart  indicated  by  dotted  connecting  lines 
applies  to  presently  aboveground  EOCs  that  may  have  to  be  replaced  by  new 
construction  of  separate,  belowground,  hardened  EOCs. 


Two  sets  of  total  cost/average  unit  cost  data  were  generated.  The 
first  set  provides  costs  for  upgrading  belowground  and  partially  exposed  EOCs 
and  for  relocating  totally  aboveground  EOCs  to  upgraded  belowground  spaces 
(i.e.,  basements  of  existing  other  buildings  or  belowground  areas  of  future, 
conventionally  constructed  buildings).  The  second  set  of  costs  reflects 
upgrading  of  the  belowground  and  partially  exposed  EOCs  and  new  construction 
of  separate,  belowground,  hardened  EOCs  to  replace  existing  totally  aboveground 
EOCs. 

3.1  STATISTICAL  METHOD 

The  following  describes  the  statistical  approach  used  and  the 
statistical  inference  process  applied  in  this  project. 

3.1.1  STATISTICAL  APPROACH 

Figures  2 and  3 not  only  depict  a road  map  of  the  technical  approach 
taken  but  also  present  the  statistical  model  used.  Figure  2 shows  how  the 
pertinent  data  such  as  EOC  element/item  cost,  population  and  sample  ratios, 
and  sample  distributions  were  derived.  Figure  3 shows  how  these  data  were 
translated  by  statistical  inference  into  the  estimates  of  total  cost  and  mean 
unit  cost  of  upgrading  existing  EOCs  located  in  "high-risk"  areas. 
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FIGURE  3.  FLOW  CHART  OF  STATISTICAL  INFERENCE 
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Starting  with  Figure  2,  the  DCPA  listing  of  the  EOC  population 
(computer  printout  dated  3/18/75)  was  used  as  a primary  data  base.  This 
listing  contained  among  other  data  the  EOC  identifications,  addresses,  and 
expected  air-blast  overpressures.  (However,  EOC  sizes  and  other  physical 
characteristics  were  not  included.)  One  part  of  the  listing  was  classified 
as  “reject"  by  DCPA  because  of  erroneous  EOC  geographical  locations  or 
because  the  subject  EOCs  were  only  partially  completed.  By  appropriate 
apportioning,  the  ratio  of  the  total  number  of  EOCs  with  expected  air-blast 
overpressures  equal  to  or  greater  than  2 psi  to  the  total  number  of  all  the 
listed  EOCs  (including  EOCs  of  the  reject  listing)  was  estimated. 

From  the  nonreject  part  of  the  DCPA  listing  of  all  EOCs,  1^3  EOCs 
were  selected  in  a random  fashion  but  in  proportion  to  the  3 arbitrary  cate- 
gories: EOCs  with  overpressures  ranging  from  equal  to  2 psi  to  slightly  less 

than  3 psi,  from  3 psi  to  slightly  less  than  10  psi,  and  equal  to  or  greater 
than  10  psi.  This  proportional  selection  reflects,  to  some  degree,  the  geo- 
graphical locations  of  the  EOCs  (e.g. , urban  areas,  suburbs,  etc.). 

A survey  of  the  1^3  EOCs  was  conducted  by  the  DCPA  Regional  Offices 
to  obtain  data  on  actual  EOC  existence,  EOC  size,  locations  aboveground  or 
belowground,  number  of  personnel  on  the  emergency  staffs,  availability  of 
as-built  drawings  of  the  EOCs,  when  the  EOCs  were  built,  and  when  the  buildings 
were  built  in  which  the  EOCs  are  located.  This  survey  provided  the  data  base 
for  estimating  the  number  of  existing  EOCs,  their  sizes,  and  aboveground/ 
belowground  locations  of  the  entire  population  of  EOCs  located  in  "high-risk" 
areas . 


From  the  st i 1 1 -exi st i ng  125  EOCs  of  this  survey,  25  were  selected 
for  detailed  inspection  and  subsequent  vulnerability-reduction  assessment  and 
costing.  The  selection  of  these  25  EOCs  was  basically  random  in  nature,  but 
included  adjustments  to  ensure  both  an  assortment  of  EOC  sizes/upgrading  costs 
proportional  to  the  125-E0C  sample,  and  a US  regional  representation  of  *he 
number  of  EOCs  in  the  population.  Each  EOC  of  the  sample  of  25  EOCs  was  sub- 
jected to  a vulnerability  assessment,  and  the  required  upgrading  and  related 
costs  were  estimated. 
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In  order  to  obtain  a better  overall  representation  of  the  EOC  total 
population,  without  adding  significantly  to  survey  and  inspection  costs, 
three  hypothetical,  but  representative,  EOCs  were  added  to  the  sample  of  25. 

Two  were  posited  as  totally  aboveground  EOCs,  and  one  was  posited  to  be  a 
very  small  (287  sq  ft)  belowground  EOC. 

The  contents  of  the  heavily  bordered  boxes  shown  in  Figure  2 present 
the  parameters  that,  combined  and  interpreted  by  the  statistical  inference 
method,  yielded  the  estimates  of  total  costs  for  upgrading  the  EOC  population. 

3.1.2  STATISTICAL  INFERENCE 

Figure  3 delineates  the  statistical  inference  process  used.  Essen- 
tially, this  process  follows  the  same  road  map  as  the  statistical  approach 
but  in  the  reverse  direction,  starting  with  upgrading  costs  for  EOC  elements/ 
items  and  finishing  with  the  total  upgrading  cost  for  the  EOC  population, 
integrating  all  values  previously  derived  from  measuring  and  counting  popu- 
lation parameters,  sampling,  and  calculating  estimates. 

Two  sets  of  total-cost/average-unit-cost  data  were  generated. 

The  first  set  provides  costs  for  upgrading  belowground  and  partially  exposed 
EOCs  and  for  relocating  totally  aboveground  EOCs  to  upgraded  belowground 
spaces,  such  as  basements  of  other  existing  buildings  or  belowground  areas  of 
future,  conventionally  constructed  buildings.  This  set  of  data  was  established 
by  considering  only  the  items  (boxes)  connected  by  the  solid  lines  shown  in  the 
flow  chart  of  Figure  3 and  following  the  solid-line  arrows  in  the  statistical- 
inference  process.  The  second  set  of  costs  reflects  upgrading  of  belowground 
and  partially  exposed  EOCs  and  new  construction  of  separate,  hardened  EOCs 
belowground  to  replace  existing  EOCs  totally  aboveground.  These  costs  were 
generated  by  considering  all  items  (boxes)  shown  in  the  flow  chart  and  follow- 
ing along  the  solid  and  dotted  lines  in  the  inference  process. 
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The  double-lined  boxes  shown  in  the  flow  chart  contain  the  variables 
(with  associated  point  estimates  and  confidence  intervals)  that  influence  the 
accuracy  of  the  cost  estimates.  These  variables  are  defined  in  detail  in 
Section  4. 

To  arrive  at  the  total  cost-estimating  accuracies  set  as  goals, 
allocation  of  allowable  inaccuracies  to  the  various  segments  of  the  estimating 
chain  was  judiciously  exercised.  This  allocation  was  readjusted  as  required 
throughout  the  data  acquisition  phase. 


3.2  SAMPLE  EOC ' S--VULNERAB I L I TY  REDUCTION  AND  ASSOCIATED  COSTS 


Twenty-five  EOCs  were  inspected;  and  in  most  cases,  complete 
as-built  drawing  packages  were  obtained.  Each  one  of  these  EOCs  was  assessed 
for  its  vulnerability  to  an  expected  air-blast  overpressure  of  10  psi.  This 
was  accomplished  by  isolating  the  essential  elements  of  an  EOC,  such  as  EOC 
protective  shell,  shell  penetrations,  interior  structures,  equipment,  etc., 


and  establishing  their  individual  vulnerabilities.  Next,  preliminary  upgrad- 
ing designs  to  increase  the  EOC  hardness  to  a 10- ps i overpressure  level  were 


undertaken  for  each  of  the  EOC  elements.  (Both  vulnerabil 


ty  assessment  and 


upgrading  design  were  guided  by  the  author's  publication  and  work  by  others 
listed  in  the  bibliography  of  that  publication.)  Costs  of  such  upgrading  for 
each  EOC  element  were  estimated.  Although  each  step  was  exercised  without  a 


great  degree  of  detail,  the  depth  of  analysis  and  cost  estimation  was  con- 
sidered adequate  in  light  of  the  array  of  other  inaccuracies  that  influence 
the  final  EOC-populat ion  cost  estimate. 


One  of  the  25  EOCs  was  located  entirely  aboveground,  and  its  upgrad- 
ing was  judged  economically  exorbitant.  Two  more  cost-effective  solutions 
were  considered:  (l)  a relocation  of  the  EOC  to  a belowground  space  of  an 

existing  other  building  (or  a future,  conventionally  constructed  building) 
and  an  upgrading  of  that  space,  and  (2)  the  construction  of  a new,  separate, 
belowground,  and  hardened  EOC.  Both  alternatives  were  evaluated. 

* 

C.  Lang,  Blast  Resistant  Characteristics  of  State  and  Local  Emergency 
Operating  Centers  (EOCs),  R-7427" 1 "3865 , Agbabian  Assoc.,  El  Segundo,  CA, 

Oct  1975-  (AD  A016  663). 
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In  addition  to  the  25 -EOC  sample,  three  hypothet ica I , but  represen- 
tative, EOCs  were  examined.  Two  of  these  EOCs  were  assumed  to  be  located 
aboveground,  and  one  EOC  was  assumed  to  be  located  belowground  and  of  very 
small  size.  The  inclusion  of  these  three  additional  EOCs  was  necessary  to 
cover  the  spectrum  of  EOC  sizes  and  to  provide  at  least  a minimum  of  data 
points  for  new  construction  costs  of  separate,  hardened  EOCs  located 
belowground. 


DISCUSSION  OF  RESEARCH  ACCOMPLISHED 


Section  4 presents  a discussion  of  the  research  accomplished. 
Specifically,  this  section  summarizes  DCPA's  inventory  listing  of  EOCs , 
highlights  the  results  of  a preliminary  EOC  survey  conducted  by  the  DCPA 
Regional  Offices,  and  describes  and  discusses  Agbabian  Associates'  EOC  survey, 
individual  EOC  upgrading  cost  estimates,  and  the  estimate  of  upgrading  costs 
for  the  entire  EOC  population.  Figures  2 and  3,  depicting  the  technical 
approach  and  the  statistical  inference  process  used,  provide  an  easy-to- 
follow  frame  of  reference  for  this  discussion. 


4. 1 DCPA  INVENTORY  OF  EOC'S 

The  primary  or  starting  point  data  base  for  this  project  was  the 
DCPA  inventory  list  of  EOCs  as  given  by  the  DCPA  computer  printout  of 
3/18/75.  Table  1 summarizes  the  salient  points  of  these  data  with  regard 
to  this  project.  A more  detailed  summary  of  these  data  is  given  in 
Append) x A- 1 . 

4.2  PRELIMINARY  SURVEY  OF  EOC'S 

From  the  nonreject  portion  of  the  DCPA  computer  listing  of  EOCs, 
143  EOCs  located  in  “high-risk"  areas  with  expected  air-blast  overpressures 
equal  to  or  greater  than  2 psi  were  selected  at  random  but  proportional  to 
the  number  of  EOCs  in  the  three  overpressure  categories  (2  to  3 psi,  3 to 
10  psi,  and  equal  to  or  greater  than  10  psi).  These  143  EOCs  were  surveyed 
by  the  DCPA  Regional  Offices  (by  record  search  and  phone)  in  the  summer  of 
1976.  The  pertinent  data  obtained  by  this  survey  are  presented  in  Table  2. 
The  names,  addresses,  geographical  location  codes,  and  facility  numbers  of 
these  143  EOCs  are  given  in  Appendix  A-2. 

Of  the  143  EOCs  surveyed,  18  EOCs  either  no  longer  existed,  were 
no  longer  functional,  or  had  been  consolidated  with  other  EOCs.  This  left  a 
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TABLE  2.  1975  DCPA  SURVEY  OF  1A3  EOC ' S — SUMMARY 


EOC  Mo. 
(Inlt ial 
Region  Request) 


EOC  Location, 
City,  State 


Fraininqton,  CT 
Meriden,  CT 
Danbury,  CT 
Trumbul I , CT 
Barkhamsted,  CT 
Auburn 

(Androsc . Co. ) , ME 
Auburn  (city),  ME 
Westbrook,  ME 
Agawam,  MA 
Holden,  MA 
W.  Boy  Is  ton,  MA 
West  ford,  MA 
Marblehead,  MA 
Watertown,  MA 
Dracut,  MA 
Fairhaven,  MA 
N.  Wilbraham,  MA 
Brookfield,  MA 
Sutton,  MA 
Northbridge,  MA 
Dighton,  MA 
Taunton,  MA 
Littleton,  MA 
Granby,  MA 
Hami I ton , MA 
Lunenburg,  MA 
Hadley,  MA 
Northampton,  MA 
Rochester,  MA 
Hopedale,  MA 
Framingham,  MA 
Ashland,  MA 
Wellesley,  MA 
Rando I ph , MA 
Rockland,  MA 

Br i dgewater 
(B.Tn),  MA 

Br i dgewater 
(E .B.Tn) , MA 

Litchfield,  NH 
Greenland,  NH 
Hampstead,  NH 
Bel levi lie,  NJ 
E.  Hanover,  NJ 
Passaic,  NJ 
Linden,  NJ 
Emerson,  NJ 
C I i f f s ide  Park , NJ 


*Not  a functional  EOC. 

^This  EOC  consolidated  with  and  into  Auburn  (city),  Mf  . 
tThis  EOC  does  not  exist  anymore. 
iNo  EOC  at  that  location. 


Emergency 
Personnel , 
No. 

Drawings 
Avai table 
(Yes/No) 

EOC 

(Separate/ 
Shar ing 
Bui Iding) 

EOC 

(Above/ 

Below- 

ground) 

it 

Yes 

Shares 

Part ial ly 

60 

Yes 

Shares 

Below 

50 

Part ial ly 

Shares 

Part ial ly 

<•<» 

No 

Shares 

Partially 

r-7€>i  1-^31^ 


Construction  Date 


Bui Iding 


<♦  Yes  Shares  Partially  1972 

60  Yes  Shares  Below  1970 

50  Partially  Shares  Partially  1971 

kk  No  Shares  Partially  1971 

INFORMATION  NOT  AVAILABLE 

<40  Yes  Shares  Partially  1969 

50  Yes  Shares  Partially  197* 

30  Yes  Shares  Below  1972 

10  No  Shares  Below  1969 

31  7 Shares  Below  1965 

22  7 777 

19  7 7 7 7 

25  7 Shares  Partially  1970 

50  No  Shares  Below  I972 

15  7 Shares  Below  7 

13  7 77  1971 

20  7 7 7 196<i 

21  7 Shares  Above  7 

10  7 7 7 196<4 

30  Yes  Shares  Below  7 

9 7 7 7 7 

30  7 7 7 196<4 

12  7 Shares  Below  196<4 

10  7 777 

15  7 Shares  Above  7 

10  7 Shares  Partially  1970 

8 7 7 7 7 

16  — Shares  Partially  7 

25  7 777 

21  7 7 7 196<i 

6777  1970 

10  7 7 7 7 

8 No  Shares  Below  1962 

15  7 77  1966 

15  7 7 7 1966 


Separate  7 Above 
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TABLE  2.  (CONTINUED) 
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EOC  Mo. 
(Net 

Response) 


EOC  Mo. 
(Ini t ial 
Region  Request) 


EOC  Location, 
City,  State 


No.  Haledon,  NJ 
Trenton,  NJ 
Hamilton  TWP,  NJ 
Chathamboro,  NJ 
Covent  Sta. , NJ 
Fanwood,  NJ 
Princeton,  NJ 
Buffalo,  NY 
Manhasset,  NY 
Staten  Island,  NY 
Plattsburgh,  NY 
Mt.  Vernon,  NY 
Orchard  Park,  NY 
Scituate,  R I 
Jamestown,  Rl 
Portsmouth,  Rl 
Pascoag,  Rl 
Baltimore,  MD 
Hagerstown,  MD 
Garrison,  MO 
Phi ladelphia,  PA 
Virginia  Beach,  VA 
Jacksonvi lie,  FL 
Tallahassee,  FL 


Drawings 
Avai I able 
(Yes/No) 


EOC 

(Separate/ 
Sharing 
Bui Iding) 


7 7 

Shares  Partially 

Shares  Below 

Shares  7 

Shares  7 

7 7 

Shares  Partially 

Shares  Below 

Shares  Below 

Shares  Partially 

Shares  Above 

Shares  Partially 

Separate  7 Below 


(Above/  Construction  Date 
Below-  — — 

ground)  EOC 


Bui Iding 


’’THIS  BUILDING  CAN  NO  LONGER  BE  USED  FOR  AN  EOC." 


Aurora,  IL 

5.A15 

65 

No 

Shares 

Below 

1966 

1966 

Springfield,  IL 

12,760 

250 

Yes 

Shares 

Partial ly 

1967 

1967 

Madison,  Wl 

6,070 

86 

Yes 

Shares 

Below 

1968 

1968 

Waukesha,  Wl 

6,070 

86 

Yes 

Shares 

Below 

1968 

1968 

Conway , AR 

1 ,600 

20 

Yes 

Shares 

Above 

1967 

7 

Marion,  AR 

1,700 

21 

Yes 

Shares 

Above 

1969 

7 

Little  Rock,  AR 

6,600 

25 

Yes 

Shares 

Above 

1969 

7 

Ft.  Smith,  AR 

1 ,600 

12 

Yes 

Shares 

Partially 

1969 

7 

Perryvi 1 1e,  AR 

1 ,800 

23 

Yes 

Shares 

Above 

1969 

7 

Lafayette,  LA 

8,700 

103 

Yes 

Shares 

Below 

1968 

1968 

Baton  Rouge,  LA 

12,200 

151 

Yes 

Shares 

Partially 

1967 

7 

Baker,  LA 

2,200 

31 

Yes 

Shares 

Below 

1967 

1967 

Waggaman , LA 

1 ,120 

15 

Yes 

Shares 

Above 

1963 

7 

Plaquemine,  LA 

3,200 

35 

Yes 

Shares 

Above 

1968 

7 

West  Lake,  LA 

300 

6 

Yes 

Shares 

Above 

1963 

7 

Monroe,  LA 

600 

5 

No 

Separate 

Above 

7 

- 

Shreveport,  LA 

900 

12 

Yes 

Shares 

Below 

1966 

7 

St.  Mart  invi  Me,  LA 

800 

Ik 

Yes 

Shares 

Above 

1963 

7 

Lawton,  OK 

6,600 

85 

Yes 

Shares 

Above 

1976 

1976 

Oklahoma  City,  OK 
Tulsa  (Co. ♦Cl ty) , OK 
Tu 1 sa  (OK  St . Hwy ) , 

2,500 

b0 

Yes 

’’NEW  EOC  1 

Shares 

N PLANNING  S 

Above 

TAGE.” 

1969 

7 

OK 

360 

6 

Yes 

Shares 

Above 

1970 

1970 

Altus,  OK 

3,700 

66 

Yes 

Shares 

Below 

1969 

1969 

No  EOC  at  that  location. 

*This  EOC  will  be  abandoned. 

^Data  for  new  location  (new  Comanche  County  Courthouse). 
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EOC  No.  EOC  No. 

(Net  (Initial 

Response)  Region  Request) 


EOC  Location, 
City,  State 

EOC 
Size, 
f 1 2 

Emergency 
Personnel , 
No. 

Drawings 
Avai table 
(Yes/No) 

EOC 

(Separate/ 
Shar inq 
Bui Iding) 

EOC 

(Above/ 
Be  low- 
ground) 

Construction  Date 

EOC 

Bui Iding 

Houston,  TX 

6,300 

8o 

Yes 

Shares 

Below 

1969 

San  Angelo,  TX 

2,400 

32 

Yes 

Shares 

Below 

1963 

7 ' 

Sherman,  TX 

6,400 

56 

Yes 

Shares 

Be  low 

1966 

1966 

Lubbock,  TX 

2,600 

33 

Yes 

Shares 

Below 

1966 

7 

Brownsville,  TX 

2,400 

50 

Yes 

Shares 

Part i a 1 1 y 

1963 

7 

De  Soto,  TX 

2,500 

14 

Yes 

Shares 

Above 

1970 

7 

Sachse,  TX 

400 

8 

Yes 

Shares 

Above 

1970 

7 

Tyler,  TX 

600 

15 

Yes 

Shares 

Below 

1963 

7 

Boulder,  CO 

4,425 

52 

Yes 

Shares 

Below 

7 

1933 

Greeley,  CO 

185 

3 

Yes 

Shares 

Below 

7 

1957 

Littleton,  CO 

7,500 

37 

Yes 

Shares 

Below 

7 

1958 

Davenport,  IA 

1 ,600 

20 

Yes 

Shares 

Below 

7 

1956 

Lee  la  I re,  IA 

360 

22 

No 

Shares 

Partially 

7 

1925 

El  Dorado,  KS 

7,400 

36 

Yes 

Shares 

Below 

7 

1965 

Kansas  City,  MO 

3,100 

36 

Yes 

Shares 

Below 

7 

1936 

St.  Joseph,  MO 

6,200 

30 

No 

Shares 

Below 

7 

1925 

Kirkwood,  MO 

310 

4 

Yes 

Shares 

Partial ly 

7 

1932 

Lincoln,  NB 

12,000 

205 

Yes 

Separate 

Below 

7 

1961 

Cheyenne,  WY 

9,800 

87 

Yes 

Shares 

Below 

7 

1965 

Phoenix,  A Z 

10.700 

126 

Yes 

Shares 

Below 

— 

— 

Stockton,  CA 

6,800 

80 

Yes 

Shares 

Above 

7 

1970 

Pacific  Grove,  CA 

1,600 

16 

No 

Shares 

Partial  ly 

7 

1911 

Glendale,  CA 

3,060 

36 

Yes 

Shares 

Below 

7 

1957 

Los  Angeles 
(L.A.  Co.),  CA 

8,500 

100 

Yes 

Shares 

Above 

7 

1930 

Los  Angeles  (CA  St. 
Region  1 ) , CA 

16,000 

225 

Yes 

Shares 

Below 

7 

1965 

Santa  Monica,  CA 

6,100 

8o 

Yes 

Shares 

7 

7 

7 

La  Verne,  CA 

850 

10 

No 

Shares 

7 

7 

7 

So.  Pasadena,  CA 

3,595 

6o 

Yes 

Shares 

Below 

7 

1967 

Montebello,  CA 

11,810 

140 

Yes 

Shares 

Below 

7 

1969 

Lynwood , CA 

1 ,600 

32 

Yes 

Shares 

Above 

7 

1959 

Downey , CA 

22,300 

150 

Yes 

Shares 

Above 

7 

7 

Paramount,  CA 

900 

18 

7 

Shares 

? 

7 

7 

Hawthorne,  CA 

2,200 

26 

Yes 

Shares 

Above 

7 

7 

Gardena,  CA 

3,400 

40 

No 

Shares 

Above 

7 

7 

Lawndale,  CA 

1,190 

14 

No 

Shares 

? 

7 

7 

Rolling  Hills,  CA 

1,000 

12 

No 

Shares 

Above 

7 

7 

San  Bernardino,  CA 

1,540 

22 

Yes 

Shares 

Below 

— 

-- 

National  City,  CA 

7,000 

104 

Yes 

Shares 

Below 

7 

1967 

El  Cajon,  CA 

3,600 

34 

No 

Shares 

Above 

7 

7 

Oakland,  CA 

5,420 

92 

No 

Shares 

Part ial ly 

7 

7 

Richmond,  CA 

8,400 

60 

Yes 

Shares 

Below 

7 

1962 

1963 

San  Francisco,  CA 

2.500 

4t 

Yes 

Shares 

Above 

7 

Redwood  City,  CA 

9.760 

116 

Yes 

Shares 

Below 

7 

1972 

So.  El  Monte,  CA 

3,220 

41 

Yes 

Shares 

7 

7 

1969 

Burlingame,  CA 

800 

16 

No 

Shares 

Above 

7 

1967 

Campbel 1 , CA 

1 ,360 

16 

No 

Shares 

Above 

7 

7 

Corona,  CA 

925 

18 

No 

Shares 

7 

7 

7 

Delmar,  CA 

1,190 

14 

No 

Shares 

Above 

7 

7 

Port  Orchard,  WA 

6,000 

80 

Yes 

Shares 

Partially 

1970 

1949 

] 
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net  of  125  existing  EOCs.  Figure  4 shows  the  EOC  size  (measured  in  square 
feet)  distribution  of  these  125  EOCs.  Because  of  the  large  number  of  small 
EOCs  and  their  upgrading  cost  implications,  special  attention  was  directed 
toward  them.  Figure  5 shows  the  size  distribution  of  the  26  EOCs  with  areas 
equal  to  or  smaller  than  400  sq  ft  ( i . e . , of  the  sample  of  125  EOCs). 

Figure  6 presents  the  distribution  of  total  areas  of  the  125  EOCs  with 
respect  to  EOC  sizes.  Figure  7 gives  the  distribution  of  total  areas  of  the 
26  smaller  EOCs  with  respect  to  EOC  sizes.  Figures  8 through  13  address  the 
aspects  of  aboveground  and  belowground  EOCs  of  all  125  EOCs  and  of  the 
26  smaller  EOCs. 

Both  EOC  total  area  versus  EOC  size  distribution  and  EOC  locations 
(aboveground/belowground)  are  two  parameters  of  the  EOC  population  that  have 
a significant  impact  on  the  EOC  population  upgrading  cost.  The  statistical 
values  shown  in  Figures  6,  7,  10,  and  13  are  direct  inputs  to  the  cost- 
estimating equations. 

4.3  SURVEY  OF  25  EOCS 

From  the  net  125  EOCs  of  the  DCPA  survey,  25  EOCs  were  selected  for 
visit  and  in-detail  inspection.  The  method  of  selection  was  basically  random 
sampling,  but  was  slightly  adjusted  to  better  represent  EOC  size/probable 
upgrading  costs  and  U.S.  regional  differences.  A not-minor  factor  of  selec- 
tion was  the  availability  of  EOC  as-built  drawings.  Because  of  the  later 
unavailability  of  drawing  packages,  5 EOCs  of  the  initial  25  EOCs  chosen  for 
visit  and  inspection  had  to  be  replaced.  The  survey  of  the  25  EOCs  was  con- 
ducted in  the  fall  of  1975  and  winter  of  1975/1976.  Figure  14  shows  the 
approximate  locations  of  the  25  EOCs  visited  and  inspected.  These  EOCs  are 
identified  in  Table  3,  which  is  shown  in  subsection  4.6.1,  and  are  described 
in  Appendix  A- 3. 


20 


A 


NUMBER  OF  EOC'S 


•''III 


5,000 


10,000 


15,000 


20,000 


25,000 

EOC  SIZE,  FT2 


FIGURE  4.  DCPA  1975  SURVEY  OF  1**3  EOC'S:  FREQUENCY  DISTRIBUTION 

OF  125  EOC'S 
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FIGURE  6.  DISTRIBUTION  OF  TOTAL  EOC  AREAS  VERSUS  EOC  SIZES 
(From  DCPA  1975  survey  of  143  EOCs) 
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(?)  EOC'S  BELOWGROUND  OR  PARTIALLY  EXPOSED 
(?)  EOC'S  ABOVEGROUND 
(1)  UNKNOWN 


FIGURE  8.  BELOW/ABOVEGROUND  LOCATIONS  OF  125  EOC'S 
(From  DCPA  1975  survey  of  143  EOCs) 
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(T)  EOC'S  BELOWGROUND  OR  PARTIALLY  EXPOSED 
(T)  EOC'S  ABOVEGROUND 
(|)  UNKNOWN 

FIGURE  11.  BELOW/ABOVEGROUND  LOCATIONS  OF  26  EOC'S  WITH  AREAS  = 1*00  FT2 
(From  DCPA  1975  survey  of  1^+3  EOCs) 
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In  general,  the  EOC  visits  and  in-detail  inspections  included — 

a.  Discussion  with  the  EOC  officials 

b.  Verification  of  the  as-built  EOC  drawing  packages  with  regard 
to  the  EOC  physical  characteristics 

c.  Determination  of  the  EOC  functional  characteristics 

Cooperation  by  the  local  EOC  officials  in  the  survey  effort  ranged  from  good 
to  excellent,  and  was  in  most  cases  excellent. 

4.4  EOC  ELEMENTS  REQUIRING  UPGRADING 

Both  functional  and  physical  EOC  vulnerability  characteristics  have 
to  be  considered  in  an  upgrading  (hardening)  effort  for  an  EOC.  The  author’s 

A 

earlier  report  addresses  these  considerations  along  with  general  and  specific 
approaches  to  EOC  vulnerability  reduction  (upgrading)  and  concepts  for  new, 
hardened  EOC  construction. 

Figure  15  shows  the  EOC  elements  and  interconnections  that  can  be, 
and  in  most  cases  are,  subject  to  required  upgrading  to  resist  an  environment 
equivalent  to  a 10-psi  air-blast  overpressure.  With  very  few  exceptions, 
existing  EOCs  have  been  designed  and  constructed  according  to  applicable 
building  codes  and  standard  practices.  Therefore,  they  cannot  be  expected 
to  survive  without  damage  from  the  severe  environments  caused  by  the  specified 

A 

nuclear  burst.  The  following  highlights  the  EOC  elements  requiring  upgrading. 
4.4.1  PRIMARY  STRUCTURE 

The  primary  structure  consists  of  the  EOC  shell  (the  floor  system 
above  the  EOC  and  the  exterior  walls);  the  interior  load-bearing  walls,  helping 
support  the  floor  system;  and  the  foundations. 


*Lang,  op.  cit. 
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FIGURE  15.  EOC  ELEMENTS  AND  INTERCONNECTIONS 
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Floor  System  above  EOC 

The  floor  system  above  an  EOC,  when  optimally  designed  for  normal 
loading,  will  in  most  cases  not  survive  a 10-psi  blast  overpressure.  For 
example,  a rei nforced-concrete  slab  floor  system  designed  for  a 250-psf  live 
load  will  resist  up  to  approximately  7 psi  blast  overpressure  before  collapse, 
and  the  same  floor  system  designed  for  a 100-psf  live  load  will  resist  up  to 
approximately  2-1/2  psi  before  collapse.  In  some  cases,  however,  floors  are 
not  optimally  designed  with  regard  to  dead  and  live  loads,  and  therefore  will 
exhibit  different  blast  resistance  than  indicated  above.  A few  EOCs  surveyed 
had  light-construction  floor  systems,  such  as  flat  plate,  precast  concrete, 
prestressed  concrete,  and  open-web  joist  construction.  In  general,  these  are 
indicative  of  weak  floors,  failing  at  a very  few  psi  blast  overpressure. 
Collapse  of  the  floor  system  will  in  almost  all  cases  render  the  EOC  inopera- 
tive. Another  critical  point,  although  not  often  encountered,  is  inadequate 
anchorage  of  floor  systems  to  their  supports.  A dislodging  of  even  a portion 
of  the  floor  due  to  ground  shock  may  be  disastrous.  It  could  drop  onto  the 
EOC  contents,  and  would  also  allow  the  air  blast  to  enter  the  EOC. 

/ 

Exterior  Walls 

The  12-in.  rei nforced-concrete  exterior  walls  completely  below 
grade,  which  were  found  in  most  EOCs  surveyed,  are  sufficient  to  resist  the 
10-psi  blast  effects  in  addition  to  the  normal  earth  pressure.  For  EOCs  not 
entirely  below  grade,  the  exposed  exterior  walls  would  be  subjected  to 
reflected  blast  overpressures.  In  some  cases,  this  would  overtax  the  exterior- 
wall  resistance  and  lead  to  failure.  Foundations  for  exterior  and  interior 
walls  generally  do  not  present  a problem  in  the  10-psi  blast  environment. 

A. A. 2 OPENINGS  IN  EOC  SHELL 

When  not  properly  shielded,  entryways  to  the  EOC  and  openings  for 
ventilation  or  other  purposes  will  allow  the  air  blast  to  enter  the  EOC, 
resulting  in  overpressures  and  air  jets  and  thereby  endangering  the  contents 
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of  the  EOC.  Doors  and  closures,  depending  on  their  location  and  orientation, 
may  be  subjected  to  reflected  overpressures  of  up  to  25  psi  for  a blast 
overpressure  of  10  psi,  which  is  more  than  any  standard  door  or  cover  can 
take. 

It. 4. 3 SECONDARY  STRUCTURES 

Even  though  blast  protected,  the  secondary  structures  inside  EOCs, 
such  as  staircases,  platforms,  false  floors,  hung  ceilings,  nonload-bearing 
walls,  and  partitions  are  still  subject  to  ground-shock  motion.  The  possible 
response  acceleration  of  the  secondary  structures  due  to  ground-shock  motion 
may  reach  7g  or  more  (at  10-psi  blast  overpressure),  which  will  in  many  cases 
exceed  their  design  strengths.  Failure  of  some  items  may  not  be  critical  as 
long  as  they  do  not  become  falling  objects,  impacting  with  personnel  and 
sensitive  equipment;  severing  power  cables,  communication  lines,  and  piping; 
or  removing  support  from  vital  equipment. 

4.4.4  EQUIPMENT 

Survival  of  equipment — that  is,  the  unimpaired  operability  of  the 
equipment  after  a nuclear  disaster — is  a function  of  its  resistance  to  the 
fraction  of  the  air  blast  penetrating  into  the  EOC  and  to  ground  shock;  and, 
in  some  cases,  of  the  survival  of  personnel  and  other  equipment.  Equipment 
outside  the  protected  EOC  faces  an  even  severer  environment. 

In  normal  times,  public  utilities  supply  the  needed  power  to  the 
EOCs.  Following  a major  disaster  such  as  a nuclear  explosion,  this  power 
source  may  be  unavailable,  or  power  cables  to  the  source  may  be  severed. 
Therefore,  almost  all  EOCs  are  equipped  with  an  emergency  power  source, 
usually  a diesel  generator.  But  these  diesel  generators  may  also  be  subject 
to  damage.  Diesel  generators,  vibration  isolated  at  approximately  10  Hz  in 
the  vertical  direction  and  very  softly  in  the  horizontal  direction,  often 
are  not  provided  with  excursion-limit  stops.  The  strong  ground  shock  associa- 
ted with  a blast  overpressure  level  of  10  psi  would  in  many  instances  knock 
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the  spring-mounted  generator  off  its  supports.  Even  differential  displace- 
ments of  a few  inches  may  rupture  pipes,  cutting  off  fuel  supply  or  cooling 
water.  Additionally,  air  intake  for  the  diesel  engine  may  be  endangered 
because  of  air  filters  clogged  by  the  heavy  dust  load  or  air-blast  destruction 
of  air  ducts  and  air  filters,  which  allows  the  engine  to  take  in  dirty  air. 

Standby/control  batteries  not  ruggedly  mounted  may  slide  or  roll 
in  all  directions,  breaking  electrical  connections  and  impacting  against 
other  equipment  or  walls.  Power  cables  could  be  severed  by  falling  objects 
or  snapped  by  differential  displacements. 


Communications  equipment  may  become  inoperative  due  to  lack  of 
power  or  damaged  components.  Most  vulnerable  are  the  outside  radio  antennas, 
which  generally  are  not  designed  to  withstand  the  large  drag  forces  result- 
ing from  air  blast  or  impact  by  heavy,  airborne  debris.  The  receiver/ 
transmitter  equipment,  located  inside  the  EOC,  is  usually  freestanding  or 
only  lightly  fastened;  it  may  wobble,  topple,  or  slide  and  impact  against 
other  objects.  Even  for  satisfactorily  hard-mounted  equipment,  fragility 
levels  may  be  exceeded  in  some  cases,  especially  for  older  vintage  equipment. 
The  communications  operator/equi pment  interface  may  be  impeded  by  "personnel 
failure"  or  damaged  units.  Control  consoles  mounted,  or  just  resting,  on 
false  floors  that  are  also  subject  to  failure,  will  become  ineffective. 

Lighting  mounted  in  hung  ceilings  is  also  precarious,  since  hung 
ceilings  are  very  apt  to  be  damaged.  Emergency  lamps  sitting  on  wall  brackets 
or  pedestals  may  drop  to  the  floor  and  break,  thereby  precluding  even 
emergency  lighting. 


Mechanical  equipment,  like  electrical  equipment,  will  also  suffer 
in  the  disaster  environment  and  affect  the  EOC  operation.  The  air-conditioning 
equipment  is  very  vulnerable.  Parts  of  the  air-conditioning  system,  such  as 
condenser/heat  exchanger,  are  usually  located  outside  the  EOC  and  aboveground; 
in  most  cases,  they  will  not  survive  the  blast  effects.  Standard  air  ducts 
connecting  the  outside  world  with  the  inside  of  the  EOC  would  suffer  blast 
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damage.  Most  ventilation  fans  are  not  mounted  securely  enough  to  resist  the 
ground-shock  forces.  And  any  air  filters  not  damaged  by  the  air  blast  will 
clog  very  rapidly  under  the  heavy  dust  load,  interrupting  the  air  flow. 

Piping,  unless  provided  with  flexible  connections  to  absorb  differential 
displacements  and  properly  supported  by  adequate  pipe  hangers,  may  be  damaged, 
resulting  in  flooding  of  the  EOC  or  fuel  spillage  and  possibly  fire.  Tanks 
and  containers  not  sufficiently  restrained  may  also  become  dangerous  objects. 

The  underground  fuel-storage  tank  would  generally  survive  the  disaster  effects. 
Office  furnishings  subjected  to  ground-shock  and  air-blast  penetration  are 
also  potential  hazards  to  personnel  and  sensitive  equipment. 

Two  conditions  external  to  the  EOC,  flooding  and  fire,  are  of  con- 
cern. External  flooding  could  swamp  the  EOC  interior  with  too  much  water  for 
available  pumps  to  handle.  A fire  could  destroy  the  antennas  and  affect  radio 
transmission;  and  could  cause  toxic  gases,  oxygen-depleted  air,  and  heat  to 
penetrate  the  EOC. 

4.4.5  PERSONNEL 

Personnel  casualties  could  result  from  air  blast  penetrating  the 
EOC,  from  ground  shock,  and  from  failure  of  the  life-support  system.  Both 
the  penetrating  air  blast  and  the  ground  shock  may  cause  persons  to  collide 
with  floors,  walls,  equipment,  or  other  persons;  or  to  be  bombarded  with 
falling  or  thrown  objects.  Nor  would  many  survive  without  harm  a total 
collapse  of  the  floor  system  above  the  EOC.  Toxic  gases,  oxygen  depletion, 
and  heat,  resulting  from  a fire  inside  the  EOC  or  from  the  effects  conveyed 
from  an  external  fire  through  the  ail  conditioning  system,  can  also  be  paralyzing. 
In  a nuclear  disaster  (10-psi  blast  overpressure  level),  most  EOCs  surveyed 
could,  unless  modified,  be  subject  to  the  indicated  personnel  casualties, 
possibly  to  such  an  extent  as  to  imperil  the  EOC  mission. 
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4.5  EOC  UPGRADING  MEASURES 


By  DCPA  direction,  upgrading  of 
areas  to  a 10-psi  air-blast  overpressure 
Although  most  EOCs  surveyed  did  appear  to 
and  associated  vulnerabilities  in  common, 
as  such. 


existing  EOCs  located  in  high-risk 
evel  was  to  be  cost  estimated, 
be  similar  and  had  many  elements 
each  EOC  was  unique  and  was  treated 


Upgrading  of  aboveground  EOCs  was  treated  in  two  ways:  (l)  by 

relocating  the  EOCs  to  belowground  spaces  in  existing  buildings  or  future 
buildings  and  upgrading  those  spaces  and  (2)  by  replacing  these  EOCs  by  new 
construction  of  separate,  belowground,  hardened  EOCs.  For  the  first  alternative 
of  EOC  relocation,  upgrading  was  assumed  to  be  identical  to  the  upgrading  of 
presently  existing  belowground  EOCs.  EOC  relocation  to  future  buildings 
should,  where  possible,  entail  EOC  hardening  in  the  design  stage  of  these 
bui ldi ngs. 


Upgrading  of  belowground,  or  at  least  partially  belowground,  EOCs 
involved  the  hardening  of  the  following  EOC  elements:  primary  structure, 

openings  and  closures,  secondary  structures,  equipment,  personnel,  and 
external  EOC  surroundings.  In  general,  the  following  upgrading  measures  were 
cons i dered : 

For  the  floor  system  above  the  EOC: 

• Reduction  of  spans  by  adding  members  such  as  beams,  support 
walls,  and  columns 

• Strengthening  of  weak  floor  segments  by  adding  thickness  to 
the  slab  (concrete  topping  with  wire  mesh  reinforcement) 

• Replacement  of  weak  floor  segments  with  adequate  ones 

• Providing  for  structural  continuity  between  floor  system  and 
supports,  especially  the  exterior  walls 
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For  the  exterior  walls: 

• Protection  of  partially  exposed  basement  walls  from  reflected 
and  dynamic  pressures  by  earth  berms  of  gentle  slope 

• Addition  of  pilasters  to  reduce  horizontal  spans 

• Build-up  of  wall  thicknesses 

• Addition  of  interior  structural  walls,  tied  in  with  the 
exterior  walls 

For  the  interior  load-bearing  elements  supporting  the  EOC  shell: 

• Increase  of  tie  between  elements  and  shell 

• Addition  of  wall  pilasters 

• Build-up  of  wall  thicknesses 

• Build-up  of  column  strengths 

• Addition  of  columns 

For  openings  and  closures: 

• Reduction  of  number  and  size  of  unprotected  openings 
(permanent  blockage,  strong  closures) 

• Installation  of  simple  blast  valves  for  minimum  air  intake  and 
exhaust  openings  that  must  remain  open  even  during  alert/disaster 
periods 

• Blast-resistant  wall  encasement  of  elevator  shafts  and 
stai rcases 

Secondary  structures , such  as  nonload-b earing  walls , partitions, 

interior  staircases , and  false  floors  and  ceilings 

• Secure  anchorage 

• Strengthening  or  removal 

• Elimination  of  glass  in  partitions  and  doors 
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Equipment 

• Storage  of  expedient  (back-up)  antennas 

• Providing  adequate  cover  for  equipment  located  outside  the  EOC 

• Secure  mounting  (including  shock  isolation) 

• Introduction  o.  flexible  connections 

• Insertion  of  cut-off  valves  and  power-off  switches 

• Strengthening  of  the  air-conditioning  system  (including 
providing  for  redundant  air  flow  by  strategically  located  fans) 

Personnel 

• Providing  for  adequate  water  supply 

• Providing  for  adequate  food  supply 

• Providing  for  adequate  sanitary  facilities 

• Providing  for  adequate  first-aid  facilities 

EOC  external  surroundings: 

• Protection  against  flooding  caused  by  the  nuclear  weapon 
effects  (dikes,  water  pumps) 

• Elimination  of  fire  hazards 

• Reduction  of  possible  blockage  of  air  intake  and  exhaust  passages 
4.6  COST  OF  EOC  UPGRADING 

For  belowground  or  partially  exposed  EOCs  of  the  25~E0C  sample,  each 

of  the  elements/items  was  assessed  for  upgrading  to  a 10-psi  overpressure  level, 

and  such  upgrading  was  cost  estimated.  The  costs  for  upgrading  the  various 

elements/items  of  an  EOC  were  totaled  to  arrive  at  the  cost  of  upgrading  the 

EOC.  The  set  of  25~EOC  total  upgraging  costs  was  used  as  the  yardstick  for 

2 

upgrading  unit  costs  ($/ft  ) versus  EOC  sizes  for  belowground  or  partially 
exposed  EOCs. 
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The  same  procedure  was  followed  for  EOCs  subject  to  possible  replace 
ment  by  newly  constructed  separate,  belowground  EOCs,  except  that  hardened  new 
design  was  substituted  for  upgrade  design.  Because  of  the  relatively  high 
expense  of  such  new  construction  (a  cost-effectiveness  issue)  and  because  of 
the  only  partial  impact  of  such  new  construction  on  the  total  cost  for  vulnera 
bility  reduction  of  the  EOC  population  (based  on  the  ratio  of  aboveground  to 
belowground  EOCs  and  the  cost  differential  between  EOC  upgrading  and  new 
construction),  combined  with  the  lesser  variability  of  new  construction  costs 
when  compared  with  upgrading  modification  costs,  a sample  size  of  only  three 
EOCs  was  chosen  for  new  construction  of  separate  EOCs  located  belowground. 
(This  is  a very  small,  but  nevertheless  adequate,  sample  size.) 

Once  the  costs  for  the  25  EOCs  (upgrading)  and  3 EOCs  (new  construc- 
tion), the  total  EOC  areas  versus  EOC  size  distribution  for  125  EOCs,  and  the 
number  of  existing  EOCs  located  in  "high-risk"  areas  were  established,  the 
total  cost  of  upgrading  the  EOC  population  to  a 10— ps i hardness  level  was 
est i mated . 

Inaccuracies  are  associated  with  each  of  the  estimated  values 
(e.g.  , EOC  element  upgrading  costs  and  EOC  size  distributions).  These  inac- 
curacies, either  calculated  or  based  on  judgment,  were  expressed  in  terms  of 
percentages  of  the  estimated  values,  and  they  were  combined  by  geometric 
addition  (for  example,  the  combination  of  A and  B is  equal  to  the  square 
root  of  the  sum  of  A plus  B ).  Although  some  liberties  were  taken  with 
statistical  theory  (that  is,  the  use  of  approximations  in  some  instances, 
instead  of  exact  but  lengthy  solutions),  the  resulting  "true"  accuracies 
were  not  significantly  compromised. 

The  following  describes  the  details  and  sequence  of  the  estimating 
process  that  yielded  the  total  cost  of  EOC  population  upgrading. 


*The  paper  "Reliability  Bases  of  Structural  Safety  and  Design,"  by 
Alfredo  H-S.  Ang  and  C.  All  in  Cornell,  published  in  J.  of  the  Structural  Div. 
Proceedings  of  ASCE , Sep  1974,  presents  a relevant  discussion  of  this  subject 
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4.6.1  INDIVIDUAL  SAMPLE  EOC  UPGRADING  COSTS 

For  both  upgrading  by  modification  of  existing  EOCs  and  upgrading  by 
new  EOC  construction,  three  basic  considerations  were  made. 


a.  A minimum  of  30  cost-equivalent  EOC  items  were  estimated,  i.e., 
the  largest  cost  item  estimated  as  a single  unit  was  equal  to 
or  less  than  the  total  EOC  cost  divided  by  30. 

b.  A probability  of  a constant  oias  error  of  estimating,  i.e.,  an 
"always  high"  or  "always  low"  estimate,  was  assumed  at  +10%  of 
the  estimate  value  at  95%  confidence  (a  normal  distribution). 

c.  A probability  of  random  error  in  item  estimating,  i.e.,  some 
high  and  some  low  estimates,  was  assumed  at  a mean  of  zero  and 
a standard  deviation  of  50%  of  the  item  estimate  (a  hybrid  of 
normal  distribution  and  adjusted  log-normal  distribution,  but 
treated  as  normal  distribution). 


The  resulting  accuracy  of  a total  EOC  cost  estimate  is  therefore  at  95% 
conf i dence: 


10%_(±)  r 1 .96  x 50%  (t) 
/I  /30 


10%  (+)  +>17.8%  (+)  = +20.4%  * 


(This  figure  of  +20.4%  does  not  reflect  any  differences  in  regional  construc- 
tion costs,  but  is  based  on  the  national  average  of  construction  costs.) 

Table  3 gives  the  cost  estimates  for  the  upgrading  of  28  EOCs. 

1975  average  national  construction  costs  are  the  basis  for  these  estimates. 

The  EOCs  numbered  1 through  25  in  this  table  are  presently  existing  EOCs 
(which  were  visited  and  inspected  in  detail).  The  EOCs  numbered  26  through  28 
are  hypothetical  but  representative  EOCs.  The  costs  for  the  EOCs  numbered 
17,  27,  and  28  and  "located  aboveground"  are  based  on  new  EOC  construction  of 
separate  EOC  facilities  located  belowground  and  hardened.  All  other  listed  EOCs 
are  located  belowground,  and  their  upgrading  is  accomplished  by  modifications. 


*The  symbol  +->  stands  for  geometric  addition.  The  value  of  1.96  is  the  Z-value 
of  the  standard  normal  distribution  for  95%  confidence  (two-tail  critical  area). 
The  values  under  the  f~'  s are:  1 for  1 estimator,  30  for  30  cost-equivalert 

EOC  items. 
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TABLE  3.  EOC  UPGRADING  COST  SAMPLE 
(Based  on  1975  national  average  construction  costs) 


EOC  Location 


OCPA 

Region 


Portland 

Westbrook 

Auburn 

Quincy 

Chicopee 

North  Kingstown 

Meriden 

Mt.  Vernon 

Manhasset 

Princeton 

Trenton 

Hagerstown 

Gainesvi lie 

Waukesha 

Springfield 

Sherman 

De  Soto 

Tyler 

Shreveport 

Kansas  City 

Boulder 

Richmond 

San  Francisco 

So.  Pasadena 

Glendale 

EOC  Design  A 

EOC  Design  B 

EOC  Design  C 


3,898 
2,557 
3,935 
7,806 
3,9^8 
3,326 
4,888 
3,154 
1 ,250 
3,018 
6,062 
2,324 
2,959 
4,947 
13,000 
5,421 
1,300 
2,700 
1,287 
3,100 
4,693 
7,676 
2,085 
5,911 
3,493 
287 
287 
6,000 


Total  Cost 
of  EOC 
Upgrad ing , 
$ 

77,200 

65.700 

85.700 
133,900 

86.400 

93.400 

45.300 
68,200 
61 ,000 

67.400 
129,300 

20.300 

88.700 

51 .400 

178,600 

47.500 

80,800 

117,000 

33,800 

109,600 

89,200 

136,800 

62,100 

111,100 

37,200 

21 .500 
32,900 

217,400 


Cost  of  EOC 
Upgrading  Per 
EOC  Net  Area, 
$/ft2 


25.70 


17.15 

21.89 

28.09 

9.27 

21.63 

48.78 

22.33 

21.33 
8.75 

29.97 


62.14 

43-35 

26.26 


19.01 

17.82 

29.78 

18.79 
10.66 
74.86 

114.63 

36.23 


*These  EOCs  are  "presently"  located  aboveground.  Their  upgrading  cost  esti- 
mates are  based  on  new  construction  of  separate  EOCs  located  underground. 
All  other  EOCs  shown  in  this  table  are  located  underground  or  are  only 
partially  exposed  aboveground. 
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4.6.2  EOC  SAMPLE  UPGRADING  COSTS  (25  EOCs  and  3 EOCs) 

Figures  16,  17,  and  13  present  the  measured  and  estimated  values 

of  Table  3 in  a graphical  form.  Figure  19  shows  the  25  values  of  upgrading 

cost  ($/ft  ) versus  EOC  size  (ft  ) for  the  belowground  located  sample  EOCs 

and  gives  a curve  of  point  estimates  of  upgrading  costs  for  the  entire  range 

of  EOC  sizes.  This  curve  was  generated  by  the  least-square  method  employed 

on  the  percentage  cost  differences  (curve  cost  points  versus  sample  cost 

points).  Figure  20  presents  the  95%  confidence  interval  for  the  upgrading 
2 2 

costs  ($/ft  ) versus  EOC  size  (ft  ) for  the  belowground  located  EOCs.  These 
confidence  intervals  include  the  statistically  adjusted  inaccuracies 
described  in  Section  4.6.1  and  the  effect  of  the  distribution  parameter 
of  the  sample  25  EOCs.  The  inaccuracy  associated  with  the  cost  point 
estimates  shown  in  Figure  19  is  at  95%  confidence. 


- - -h.  17.8%(+)  -h-  2.064  x 33- 3% (±)  = 10%(+)  -h-  17-8% (±) 

/r 

++  68. 7%(+)  = +71.7%  * : 

(This  figure  of  +71.7%  does  not  reflect  any  differences  in  regional  construction 
costs  but  is  based  on  the  national  average  construction  costs.  The  33-3%  value 
in  the  geometric  addition  equation  is  the  calculated  standard  deviation  of  cost 
distribution  of  the  25  EOCs). 

2 

Figure  21  shows  the  point  estimate  curve  for  cost  ($/ft  ) of  new 
construction  of  separate  EOCs  located  underground  and  hardened.  Figure  22 
gives  the  95%  confidence  interval  for  those  costs.  The  inaccuracy  associated 
with  the  cost  point  estimates  shown  in  Figure  21  i s at  95%  confidence: 


10% (t) 

/r 


17.8%(+)  -H-  I.96  x 20%(±) 


10%(+)  -H-  17.8%(+)  -+>  39.2%  (+) 


= +44.2% 


■•The  value  of  2.064  is  the  t-value  of  the  Student's  t distribution  for 
95%  confidence  (two-tail  critical  area)  with  a sample  size  of  25. 


0 5,000  10,000  15,000  20,000 

EOC  SIZE,  FT2 


(25  EOCs  located  belowground  or  partially  exposed;  3 EOCs  located  totally 
aboveground,  requiring  new  separate  and  belowground  construction} 


FIGURE  16.  AREAS  OF  28  EOCS 


AVERAGE  EOC  UPGRADING  COST  = $80,700 

(EXCLUSIVE  OF  NEW  CONSTRUCTION  OF 
SEPARATE,  BELOWGROUND  EOC'S 
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EOC  SIZE,  FT 
AA828 


FIGURE  21.  UNIT  COSTS  OF  NEW  CONSTRUCTION  OF  SEPARATE,  HARDENED 
EOC'S  LOCATED  BELOWGROUND 


CURVES  SHOW  35%  CONFIDENCE 
INTERVALS  FOR  COSTS. 


AA8235 


FIGURE  22.  UNIT  COSTS  OF  NEW  CONSTRUCTION  OF  SEPARATE,  HARDENED 
EOC'S  LOCATED  BELOWGROUND 
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(This  figure  of  +44.2%  does  not  reflect  any  differences  in  regional  construc- 
tion costs  but  is  based  on  the  national  average  construction  costs.  The 
20%  value  in  the  geometric  addition  equation  is  the  estimated  standard  devia- 
tion of  the  population  cost  distribution.) 

The  inaccuracy  values  of  71-7%  and  44.2%  are  associated  with  the 
individual  point  estimates  as  indicated  by  curves  in  Figures  19  and  21, 
respectively.  For  the  entire  samples  of  25  EOCs  and  3 EOCs  these  inaccuracies 
become 

a.  10%U)  17-8%(*)  = io*(±)  -H-  3. 6% (+)-»->-  13-7% (±)  = 

/T  / 25/25 

+17.3%  at  95%  confidence  (for  upgrading  of  belowground  located  EOCs) 

b.  — +*  .3 m io%(±)  ++  10.3%(±)  ++  22.6%(i)  = 

/f  /3  /3 

+26.8%  at  95%  confidence  (for  new  EOC  construction). 

4.6.3  EOC  SAMPLE  UPGRADING  COSTS--125  EOCS 

Combining  the  data  of  total  EOC  areas  versus  EOC  sizes  presented  in 
Figures  6 and  7 with  the  cost  point  estimates  shown  in  Figure  19  yields  the 
distribution  of  EOC  areas  versus  unit  upgrading  costs  as  shown  in  Figure  23 
and  the  distribution  of  upgrading  costs  for  125  EOCs  as  shown  in  Figure  24. 

From  the  data  of  Figure  23,  the  sample  mean  unit  upgrading  cost  for  belowground 

2 2 
EOCs  is  $19- 86/ft  , with  an  associated  standard  dev  iation  of  $8. 97/ft  . The 

total  cost  of  upgrading  for  the  125  belowground  EOCs  is  $8,190,000  +17-3%  at 
95%  confidence.  ("Belowground"  EOCs  means  presently  belowground  EOCs  and  pres- 
ently aboveground  EOCs  that  will  be  relocated  to  belowground  building  spaces.) 

Combining  the  data  of  total  EOC  areas  (reflecting  aboveground/ 
belowground  EOC  locations)  versus  EOC  sizes  presented  in  Figures  10  and  13 
with  the  cost  point  estimates  shown  in  Figure  21  yields  the  distribution  of 
EOC  areas  versus  unit  upgrading  costs  as  shown  in  Figure  25.  From  the  data  of 
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underground  is  not  considered. 


FIGURE  25.  EOC  AREAS  VERSUS  UNIT  UPGRADING  COSTS  (New  construction  of  separate  EOCs  located 
underground  is  included.) 
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Figure  25,  the  sample  mean  unit  upgrading  cost  for  aboveground  EOCs  (new 

hardened  EOC  construction,  separate  and  belowground)  and  belowground  EOCs  is 

2 2 
$26. 32/ft  , with  an  associated  standard  deviation  of  $17-1 9/ft  - The  total 

cost  of  upgrading  for  the  125  EOCs  (including  new  construction  for  presently 

aboveground  EOCs)  is  $10,850,000  +2k.9%  at  95%  confidence. 

4.6.4  EOC  POPULATION  UPGRADING  COSTS 

The  unit  upgrading  costs  ($/ft  ) estimated  for  the  125“E0C  sample 
are  also  the  point  estimates  of  unit  upgrading  costs  for  the  entire  EOC  popu- 
lat'cn.  For  the  EOC  population,  the  estimated  average  unit  upgrading  costs  are-- 

a.  $?9.86/ft^  +21.3%  at  95%  confidence  for  belowground  EOCs  and 
aboveground  EOCs  to  be  relocated  to  belowground  building  spaces 

2 

b.  $26. 32/ft  +30.6%  at  95%  confidence  for  belowground  EOCs  and 

aboveground  EOCs  to  be  replaced  by  new,  hardened  EOC  construc- 
tion (separate  facilities  located  belowground) 

Table  k shows  the  various  inaccuracies  contributing  to  the  total  inaccuracies 
of  the  cost  estimates. 

2 

Using  the  EOC  population  average  unit  upgrading  cost  estimates  ($/ft  ) 
and  considering  the  estimate  of  the  ratio  of  existing  EOCs  to  DCPA  listed  EOCs 
and  the  estimate  of  DCPA  reject- 1 i sted  EOCs  that  are  also  located  in  "high- 
risk"  areas,  the  following  EOC  population  total  cost  of  upgrading  estimates 
were  made. 

a.  $87,300,000  +22%  at  95%  confidence  for  belowground  EOCs  and 
aboveground  EOCs  to  be  relocated  to  belowground  building  spaces 

b.  $115,700,000  +31.1%  at  95%  confidence  for  belowground  EOCs  and 
aboveground  EOCs  to  be  replaced  by  new,  hardened  EOC  construc- 
tion (separate  facilities  located  belowground) 
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TABLE  A.  EOC  UPGRADING  TO  RESIST  A 10-PSI  AIR-BLAST  OVERPRESSURE:  ELEMENTS  CONTRIBUTING 


Geometric  sum 
Arithmetic  sum 
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A 

Both  cost  estimates  were  based  on  an  estimated  total  of  1333  existing  EOCs  in 
“high-risk"  areas  with  expected  air-blast  overpressures  equal  to  or  greater 
than  2 psi.  Table  5 shows  the  various  inaccuracies  contributing  to  the  total 
naccuracies  of  the  estimates. 
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TABLE  5.  EOC  UPGRADING  TO  RESIST  A 10-PSI  AIR-BLAST  OVERPRESSURE:  ELEMENTS  CONTRIBUTING 

TO  THE  INACCURACY  OF  TOTAL  COST  ESTIMATE  FOR  THE  EOC  POPULATION 
(AT  95%  CONFIDENCE) 
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located  in  "high-risk"  areas 
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SECTION  5 


R-761 


CONCLUSIONS  AND  RECOMMENDATIONS 

It  is  estimated  that  the  unit  costs  (based  on  average  1975  construc- 
tion costs)  to  reduce  the  vulnerability  of  all  EOCs  located  in  "high-risk"  areas 
with  expected  air-blast  overpressures  of  equal  to  or  greater  than  2 psi  by 
upgrading  to  a 10- ps i hardness  level  (without  the  consideration  of  the  effects 
of  nuclear  fallout  and  EMP)  are  at  95%  confidence-- 

2 2 

a.  Between  $ 16/ f t and  $2Vft  for  belowground  EOCs  and  above- 
ground EOCs  to  be  relocated  to  belowground  building  spaces 

2 2 

b.  Between  $ 1 8/ft  and  $3Vft  for  belowground  EOCs  and  above- 
ground EOCs  to  be  replaced  by  new,  hardened  construction  of 
separate  EOC  facilities  located  belowground 

The  corresponding  total  upgrading  costs  for  all  EOCs  located  in  "high-risk" 
areas,  i.e.,  an  estimated  1333  EOCs,  are  estimated  to  be  at  95%  confidence — 

a.  Between  $70,000,000  and  $105,000,000  for  belowground  EOCs  and 
aboveground  EOCs  to  be  relocated  to  belowground  building  spaces 

b.  Between  $80,000,000  and  $150,000,000  for  belowground  EOCs  and 
aboveground  EOCs  to  be  replaced  by  new,  hardened  construction 
of  separate  EOC  facilities  located  belowground 

The  95%  confidence  intervals  estimated  for  the  EOC  population 
upgrading  costs  could  have  been  significantly  reduced  by  simultaneous,  appre- 
ciable increase  (e.g.,  doubling)  of  the  two  sample  sizes  for  the  basic  cost 
sample  of  25  EOCs  and  3 EOCs  and  the  EOC  size  distribution  sample  of  125  EOCs. 
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But  the  limited  budget  for  this  project  effort  did  not  permit  this.  However, 

2 2 

the  provided  cost  estimates,  at  95%  confidence,  of  $20/ft  +$4/ft  and 

$87,500,000  +$17,500,000  for  the  upgrading  approach  defined  in  a,  and  of 
$26/ft2  +$8/ft2  and  $115,000,000  +$35,000,000  for  the  upgrading  approach 
defined  in  b,  reflecting  estimate  accuracies  of  approximately  +20%  and  +30% 
at  95%  confidence,  respectively,  can  be  considered  reasonable  estimates. 

The  following  recommendations  for  additional  work  related  to  the 
material  covered  in  this  report  are  offered  for  consideration. 

Program  Plan 

The  development  of  a program  plan  (contingency  plan)  for  the  vulnera- 
bility reduction  of  the  E0C  population  predicated  in  this  report  is  recommended. 
Such  a plan  should  address  the  following: 

a.  Schedule  of  implementation 

b.  Required  total  funding  and  schedule-phased  budgetary  allocations 

c.  Necessary  activities  by  and  responsibilities  of  the  participat- 
ing organizations,  e.g.,  DCPA  and  its  regional  offices,  and  the 
state  and  local  civil  preparedness  organizations 

d.  Transfer  of  upgrading  technology  to  the  local  entities 
(governmental  and  private)  that  would  accomplish  the  physical 
upgrading  effort 

EOC  Seminar 

Many  local  EOC  officials  are  unrealistically  optimistic  about  the 
operational  survivability  of  their  facilities.  They  do  not  have  an  apprecia- 
tion of  the  possible  nuclear-weapons  effects  and  the  associated  protection 


62 


R-761 1 -431^ 

requirements.  They  consider  EOC  upgrading  an  unnecessary,  and  therefore 
unjustifiable  expense.  Local  EOC  officials  are  in  most  cases  unaware  of  the 
research  and  development  work  being  accomplished  by  DCPA.  They  feel  that 
they  do  not  receive  full  benefit  from  DCPA's  efforts.  They  express  that 
better  communication  up  and  down  the  line  would  improve  "attitudes"  and, 
more  importantly,  the  effectiveness  of  their  operations. 

A DCPA- sponsored  seminar  would  accomplish  the  following: 

Provide  a forum  for  an  interchange  of  ideas  between  DCPA  and 
local  EOC  officials. 

Inform  local  EOC  officials  of  the  latest  DCPA  policies  and 
approach  to  our  civil  defense. 

Convey  latest  DCPA  research  and  development  findings  (in  more 
usable  form)  to  local  EOC  officials  and  interested  parties 
of  the  private  sector  (i.e.,  engineers  and  architects). 

Show  how  local  EOC  officials  and  interested  parties  can  obtain 
specific  information  from  DCPA. 

Receive  feedback  from  local  EOC  officials. 

EOC  Standard  Elements  and  Standardized.  Designs 

Because  of  the  large  number  of  existing  EOCs  to  be  upgraded  and  new 
EOCs  to  be  constructed,  it  may  be  economically  beneficial  to  introduce 
standard  designs  for  EOC  elements,  such  as  austere  but  adequate  blast  doors 
and  simple  blast  valves.  Going  one  step  further,  multiple-source  supply  of 
these  EOC  elements  could  be  arranged.  For  new  EOC  construction,  standardized, 
complete  designs,  used  in  their  entirety  or  adapted  to  fit  individual  needs, 
could  be  developed.  These  standardized  designs,  which  are  few  in  number, 
would  be  optimized  solutions  for  the  physical  makeup  of  EOCs,  reflecting  the 
particular  functional  needs  and  environmental  conditions. 
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Examples  of  Actual  EOC  Upgrading 

The  author's  previous  report,  Blast-Resistant  Characteristics  of 
State  and  Local  Emergency  Operating  Centers  (EOCs) , as  well  as  other  DCPA 
guidelines  and  reference  material,  will  provide  a good  starting  point  for  the 
engineer  faced  with  upgrading  an  individual  EOC.  But  since  EOCs  and  hardened 
structures  are  not  everyday  design  problems  with  which  he  is  thoroughly 
familiar,  examples  of  actual  EOC  upgrading  may  be  very  valuable  to  him. 

These  examples,  covering  the  few  most  prevalent  types  of  upgradable  existing 
EOCs,  would  have  to  include  the  required  design  calculations,  complete  drawing 
packages  (but  not  necessarily  all  shop  and  fabrication  details),  and  cost 
estimates. 
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general  and  specific  background  for  this  project. 
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Appendix  A-l 

Summary  of  DCPA  Computer  Printout  of  3/18/1975: 
Number  and  Risk  Locations  of  EOCs  in  Each  Region 
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TABLE  A- 1 . NUMBER  AND  RISK  LOCATIONS  OF  EOC'S  IN  DCPA  REGION  1 

(Summary  of  DCPA  data,  computer  printout  dated  3/18/1975) 


TABLE  A-2 . NUMBER  AND  RISK  LOCATIONS  OF  EOC'S  IN  DCPA  REGION  2 

(Summary  of  DCPA  data,  computer  printout  dated  3/18/1975) 


TABLE  A-3.  NUMBER  AND  RISK  LOCATIONS  OF  EOC'S  IN  DCPA  REGION  3 

(Summary  of  DCPA  data,  computer  printout  dated  3/18/1975) 
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TABLE  A-4.  NUMBER  AND  RISK  LOCATIONS  OF  EOC'S  IN  DCPA  REGION  4 

(Summary  of  DCPA  data,  computer  printout  dated  3/18/1975) 
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TABLE  A-5.  NUMBER  AND  RISK  LOCATIONS  OF  EOC ' S IN  DCPA  REGION  5 

(Summary  of  DCPA  data,  computer  printout  dated  3/18/1975) 


Number  of  EOCs 

Grand 

Total** 

© 

A 

A 

LA 

LA 

o 

co 

A 

A 

v*> 

CM 

CM 

vD 

A 

Reject 

Listing5 

© 

(A 

- 

OO 

CM 

O 

CO 

« 

4-> 

o 

1- 

© 

r^ 

oo 

CM 

A 

(A 

CM 

o 

A 

CM 

CM 

CO 

A 

lA 

Q. 

CM 

V 

© 

o 

CM 

A 

\D 

CM 

00 

00 

oo 

-3* 

A 

A 

+- 

<A 

Q. 

CM 

All 

© 

O 

CM 

CO 

(A 

A 

oo 

A 

*K 

VA 

Q. 

1 

A 

1 

CM 

© 

cm 

CO 

1 

CM 

CO 

O 

CM 

-:c 

(A 

Q. 

i 

0 

1 

A 

© 

A 

1 

A 

A 

CM 

A 

A 

=10  psi 

© 

oo 

oo 

CM 

OO 

CO 

-- 

A 

VO 

« 

4-i 

ID 

4-1 

(/> 

Arkansas 

Louisiana 

New  Mexico 

Oklahoma 

(A 

co 

X 

ft) 

H- 

CO 

w 

O 

h- 

73 


R-761 1-A314 


C 

ft) 


3 — 
(A  ID 
C — 

— 4-» 
V- 

O <D 

A 

4-»  a 

O 

• 

O 

ft) 

LU 

3 lA 

“O  C O 

ft) 

^ o o 

IaJ 

-Q 

lA  L. 

ID 

O O 4J 

o u 

4- 

UJ  c ft) 

•— 

O — 1 

4J 

u-  — -Q 

c 

O 3 

ft) 

ID  (A 

T3 

CD  O 

•— 

C O <♦-. 

— — o 

4J 

(ADC 

<D 

— ft)  o 

4- 

U-  4-1 

O 

4-»  — ft) 
O 4J  — 

ft)  c a. 

ID 

— * «)  e 

4-J 

ft)  “O  O 

0 

a:  — u 

*h- 

un 

* 

•5C 

tA 

ID 

_Q 

I 

u 


“O 

<u 

4-1 

u 

ft) 

Q_ 

X 

<D 

■o 

0) 


u 

0) 

Q. 

LO 


© 

© -o 


G© 


lA 

lA 

ID 

c 

c 

ft) 

E 

E 

u 

• 

3 

3 

ID 

ft) 

— 

L- 

o 

0 

C 

3 

o 

O 

•— 

<A 

<A 

4- 

4— 

“O 

ft) 

0 

0 

ft) 

L- 

4-1 

Q. 

— 

ID 

u 

ID 

ID 

O 

ft) 

LJ 

4-> 

o 

> 

o 

o 

-J 

0 

h- 

)- 

4* 

k. 


TABLE  A-8.  NUMBER  AND  RISK  LOCATIONS  OF  EOC'S  IN  DCPA  REGION  8 

(Summary  of  DCPA  data,  computer  printout  dated  3/18/75) 
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Appendix  A-2 

DC  PA  1975  Survey  of  143  EOCs 

EOC  Location  Codes,  Facility  Numbers, 
Types  (i.  e. , City,  County,  State),  and  Addresses 
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APPENDIX  A-3 
EOC  SAMPLE  DATA 

28  EOC 1 S--DESCRI PT I ONS  AND  UPGRADING/NEW  CONSTRUCTION  COST  ESTIMATES 

This  section  presents  descriptions  and  upgrading/new  construction 
cost  estimates  for  the  25  EOCs  visited  and  inspected  and  for  three  hypotheti- 
cal, but  representat i ve  EOCs,  which  were  included  to  cover  the  entire  spectrum 
of  EOCs  with  regard  to  sizes  and  aboveground/belowground  locations.  Of  the 
28  EOCs,  25  EOCs  were  located  belowground  and  their  upgrading  was  considered 
to  be  accomplished  by  hardening  of  the  existing  facilities.  For  the  other 
three  EOCs,  located  aboveground,  new  construction  of  separate,  hardened, 
belowground  facilities  was  envisioned. 

The  estimates  of  EOC  hardening  to  resist  the  effects  corresponding 
to  a 10-psi  air-blast  overpressure  concentrated  on  the  functional  survival  of 
the  EOCs  at  that  overpressure  level.  Secondary  failures  not  affecting  the 
functional  survival  of  the  EOCs  were  considered  tolerable.  Upgrading  was  by 
permanent  measures,  including  EOC  restoration  to  an  acceptable  level  after 
hardening  modifications.  Not  included  in  the  upgrading  cost  estimates  were 
costs  arising  from  disturbances  of  normal  operations,  if  any,  during  upgrading. 

Included  in  the  cost  estimates  for  upgrading  and  for  new  construction 
were  labor  and  material  costs,  contractors'  overhead  and  profit,  and  required 
professional  services  by  architects  and  engineers.  Specifically,  the  following 
EOC  elements/items  were  considered  in  the  upgrading/new  construction  cost 
estimates: 

1.  EOC  External  Surroundings 

1.1  Antenna(s) 

1.2  Reduction  of  Fire  Potential 

1.3  Minimizing  of  Exposed  Vertical  Surfaces 

1.4  Prevention  of  Blockage  of  Air  Passages 


95 


RT -A MG.  HOT  FILMED 

— -1-  a 


R-7611-4314 


A 

2.  EOC  Protective  Shell 

2.1  Floor  System  above  EOC 

2.1.1  Plate/Slab/Joists 

2.1.2  Support  Beams 

2.1.3  Columns/Load-bearing  Walls 

2.2  Exterior  Walls 

2.2.1  Wall  Thickness 

2.2.2  Wall  supports 

2.3  Foundations 

3.  Penetrations  through  EOC  Shell 

3.1  Doors  and  Door  Frames 
3-2  Staircases 

3.3  Elevators 

3.4  Windows 

3.5  Areaway s 

3.6  Air  Intakes  and  Exhausts 

3-7  Emergency  Generator  Engine  Exhaust 
3.8  Piping  Feed-throughs 
3-9  Cable  Feed-throughs 

4.  Interior  Structures 

4. 1 Permanent  Walls 

4.2  Partitions 

4.3  Doors  and  Windows 

4.4  False  Cei 1 ings 

4.5  False  Floors 

4.6  Staircases 

5.  Mechanical/Electromechanical  Equipment 

5. 1 Publ i c Utilities 

5.2  Emergency  Generator 

5.2.1  Engine  and  Generator  (E/G) 

5.2.2  E/G  Support 

5.2.3  Batteries 

5.2.4  Fuel  Daytank 
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5.  Mechanical /Electromechanical  Equipment  (continued) 

5-3  Switchover  Gear 

5.^  Power  Distribution/Cables 

5.5  Piping  (fuel  and  water) 

5.6  Air  Filter  Units 

5.7  A/C  Unit(s)  and  Condensers 

5.8  Heater 

5-9  Air  Ducting 

5.10  Fans 

5.11  Motors 
5-12  Lighting 

5.13  Emergency  Lighting 
5. 1 A Sump  Pump (s) 

6.  Electronics  Equipment  and  Operator  Interface 

6.1  Transmitter/Receiver 

6.2  Telephone  Switch  Gear 

6.3  Control  Consoles 

6.14  Teletype 

6.5  Telephones/Microphones/Loud  Speakers 
7-  Storage 

7.1  Fuel  Tank 

7.2  Water  Tank/Well 
7-3  Food 

7.  San  i tary  Waste 

7.5  First  Aid 

8.  Facilities/Furniture 

8.1  Office  Furniture 

8.2  Operator  Stalls  and  Chairs 

8.3  Mapping/Blackboards 
8.1*  Billeting 

8.5  Messing 

8.6  Sanitary 

8.7  Decontamination 
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9-3  Engineer 
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220  Plandome  Road  Bayard  Lane,  Stockton  Street 
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New  construction  of  a hardened,  belowground,  separate  EOC  facility.  New  construction  of  a hardened,  belowground,  separate  EOC  facility. 

(No  land  costs  are  included  in  the  cost  estimate.)  Assumed  represen-  (No  land  costs  are  included  in  the  cost  estimate.)  Assumed  represen- 
tative EOC  layout  and  contents;  reinforced  concrete  construction.  tative  EOC  layout  and  contents;  reinforced  concrete  construction. 
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